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THE JOHN FARQUHAR FULTON NUMBER 


4 


Dr. Fulton’s Celebrated Work 


Physiology 


OF THE 
4 


Nervous System 


bedition 


| His preeminent texthook an exceptionally 
thorough pape pape PeViston which brings new de 
velopment: and experimental results and which enbarges 
the actual contents of the book by about one-fitth. Ports 
five new figures have been added and the bibliographies 
elude recent reports. 

“Neurologists have lone awaited such oa works the book 
should: be used all amedieal schools and) carefully 
~tudied by all and neurophy 


“Hos a fundamental text that should find a place 
on the shelves of all medical dibraries. both public and 


New or MEDICINE 


1919 O80 pages. illustrations Cloth, 10.00 


vour bookstores 


OXFORD UNIVERSITY PRESS, Inc. 


aa 

= 

| 

4 


HOEBER-HARPER BOOKS 
In Neurology 


Baker’s CLINICAL NEUROLOGY — In 3 Volumes 


A COMPLETE source of today’s knowledge of  ganizes tor practical use the known tacts ot 
diaevnosts and treatment. Covers mot neurology and mew 
the more common neurologre disturbances ternal published hiene tor the first trove 

also the rarer syndromes and the ran By os Authorities, by \O BARKER 
heations ot neurology a the trelds of MoD. Prof and of 
pediatrics, endocrimolopy, of Minn. Med Sch too pp. liberally 


atry, ophthalmology and On tHustrated, & 


Korey &@ Nurnberger’s NEUROCHEMISTRY 


The first volume new series on sivniticant areas are coveredl wath) emphasis 
neurobiology. New methods and techies on topres ot climeal inportance 

are making possible application of modern tuthorittes, Edited by SAUL R 
knowledge to the climeal prob KOREY., M.D. Western Reserve Uma, and 
lems ot neurology. Here 23 authors, known JOHN NURNBERGER, MDD, 
lor their own work, report on the fer Lacing boreiword by Houston Merritt 
advancing frontiers of neurochemustry. 15 Apprevimately 8200 pages $0, 


BIOLOGY OF MENTAL HEALTH AND DISEASE 


BY JOS THORS. Here vou) wall tind the natural lastory ot meurosis, ane the bro 
new therapentic and diagnostic intermation logie etre ts on beth shock and non-conval 
for immediate clinteal use, as well as puree Wwe therapy this and much more valuable 
posts to further researeh. The broad contents as me duded this helptul book 
miclude new endocrime on By los oluthors boreivord by Stuntey ( 


personality and behavior, mew khrowledpe on ace pp , 


Mettler’s SELECTIVE PARTIAL ABLATION OF 
THE FRONTAL CORTEX 


large scale study attacked the twain any reputed or suspected of ditter 

question What are the therapeutic re ent parts of the. tronmtal cortes 
ults of the operation for the mentally a wealth oot and) practreal 
Whatare the mechanisms by which miprove 


ment occurs following psychosurpery Pech revstone | tat 


from) fields were emiploved to ab \ 


B. HOEBER, Inc. 


Medical Book Department of HARPER & BROTHERS 
49 East 33rd Street, New York 16, N. Y. 
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Bizarre 
behavior problems 
respond to 


Sserpasil 


Before injection of Serpasil, patient 
has torn off all her clothes and has 
assumed grotesque posture on hospi 
tal bed. 


One day after injection of Serpasil 
Parenteral Solution, patient sits quiet 
ly in bed, wearing pajamas and drink 
ing water calmly 


IN INSTITUTIONAL THERAPY 
AND OFFICE PSYCHIATRY 


Serpasil, a nonhypnotic tranquilizing 
agent, not only produces remissions 
in severe neuropsychiatric states in 
the hospitalized patient, but has also 
been used widely and successfully as 
an adjuvant to psychotherapy in the 
milder, ambulant cases seen in every 
day practice. 


Supplied: Tablets, 40, 20, 10 and 

025 mg. (scored) and 01 mg Elinir 

containing 10 mg. and 02 mg per 4 

ml. teaspoonful. Parenteral Solution 

; 2-ml. ampuls, each ml. containing 25 
CIBY g. of Serpasil 


SUMMIT Serpasil® (reserpine ciga) 
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Fach fluidounce contains: 

Neomyein sulfate 300 mg. gprs.) 

Jequivalent to 210 mg. (3% grs.) neo- 
mycin base | 

Kaolin... .. . 5.832 Gm. (90 grs.) 

Pectin 0.130Gm::(¢ 2 grs:) 


Suspended with methy leellulose 1.250% 
Supplied; 
6-fuidounce and pint bottles 


The Upiohe Company 


Bacterial 
diarrheas... 


Kaopectate 
with 


Trademark, Keg. Us. Pat. OF. 
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control 


of 
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Luminal and Luminal Sodium —time-tested, effective dampers of 
cortical overactivity —control emotional turbulence, restlessness and 
hyperirritability promptly and for prolonged periods. 


FOR ORAL USE: 
LUMINAL OVOIDS 
Distinctive Sugar Coated Oval Shaped Tablets 
Easy Color Identification of Dosage Strength 
e 14 grain (yellow) 
e 14 grain (light green) 
e 114 grains (dark green) 
... LUMINAL ELIXIR (14 grain, teaspoonful) 


FOR PARENTERAL USE: 
... LUMINAL SODIUM 
Hypodermic Tablets of 65 mg. (1 grain). 
Ampuls (powder) of 0.13 Gm. (2 grains) and 0.32 Gm. (5 grains). 
Ampuls (solution in propylene glycol) of 1 ec.—0.13 Gm. (2 grains) — 
and 2 cc.—0.32 Gm. (5 grains). 
Vials (solution in propylene glycol) of 10 cc., 0.16 Gm. 
(214 grains) per cc. 


THE PIONEER BRAND OF PHENOBARBITAL 
BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 
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WINTHROP 


LABORATORIES 


(formerly Winthrop Stearns Inc ) 


NEW YORK 18, N.Y. * WINDSOR, ONT. 
We have changed our name to WINTHROP LABORATORIES INC. 
Only the name is changed—nothing else 
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bach Sublingual Tablet contams 32.) my. of Ferrous 


AVAILABLE 


PROCANS 


NIKE THAMEDE 
ADENYELATI 


NATRI-A. P 


"An annotated Biblovraphy 


reference to 


THE ADENYLIC 
NUCLEOTIDES 


Gradually the role of the Adeny lic 
Nucleotides is being clarified, 
Their versatility and importance 
both physiologically and clin 
cal medicine is leading to applica 
lions inoan expanding number of 
Clinical indications. * 


We have available the following 
adeny Lic 
puls: 


nucleotides in one ee ame 


IRONY EL 


fron Adenosine 45. Monophosphate 


bach one ce ampul contains mg 


Adenylate equivalent te 


mg. of adenosine S-monophos phate 
and of ferrous ton 


Available in boxes of 10, 25 
and 100 ampuls 


Adenylate equivalent 
to 26 ng. of adenosine monophosphate and of tren, 


Available in bottles of 1, 25 and 250 tablets 


ONLY TO THE CLINICAL INVESTIGATOR: 
PROCAINE ADENOSINE 3 MONOPHOSPHATE. Each ampul con 


tams of Procaine Adenylate equivalent te $0 my. of adenosine omone 
phosphate ane (2%) of 


one 


200 me. procame, 


NICOTINAMIDE ADENOSINE 3 MONOPHOSPHATE. bach ampul 
contains meg. of Nicotinamide Adenylate equivatent to 22 mig. of 
and $0 mg of adenosine S monophosphate, 


ae 


NIKE THAMIDE ADENOSINE 3S MONOPHOSPHATE. bach 
of Nikethamide Adenylate equivalent te 50 my 
and ng. of adenosine monophosphate, 


at ampul 


of Nikethamide 


SODIEM ADENOSINE TRIPHOSPHATE. Each one ce ampul contams 
my. of Sediam Adenosine Triphosphate equivalent te omy. of Adenosine o 
Lriphosphate and my. of sodium, 


“ABSTRACTS ON 


THE ADENYLIC NUCLEOTIDES” with par 


Acid Adenosine 3 Monophosphate: os available on request 


Yeust 
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3 Le Fevre Lane 


New Rochelle, New York 
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STRIKING RESULTS OBTAINED WITH 
"“MYSOLINE’' IN GRAND MAL SEIZURES 
AND PSYCHOMOTOR ATTACKS. 


Composite results of 20 clinical studies* show that “Mysoline” employed alone 
or in combination with other anticonvulsants is highly effective in controlling 
epileptic seizures. 


In patients previously untreated ‘“Mysoline” employed alone produced com- 
plete control of grand mal seizures in 172 of a total of 214 patients (80 per cent) ; 
psychomotor attacks were brought under control in 19 of 29 (65 per cent). 


In patients refractory to other anticonvulsants ‘“Mysoline” produced marked 
improvement to complete control of grand mal seizures in 428 of 613 patients 
(nearly 70 per cent). In the group with psychomotor attacks a similar response 
was obtained in 75 of 130 patients (over 57 per cent). “Mysoline” was added to 
current medication and in some cases this was replaced by ‘“Mysoline” alone. 


“Mysoline”’ is singularly free from serious toxic effects. 


Side effects when they occur are usually mild and transient tending to disappear 
as therapy is continued or dosage is adjusted. Supplied in 0.25 Gm. tablets (scored) 
— bottles of 100 and 1,000. 


*References will be supplied on request. 


“"MYSOLINE. 


Brand of Primidone 


IN EPILEPSY 


Ayerst Laboratories New York, N.Y. + Montreal, Canada 


Ayerst Laboratories make “Mysoline’ available in the United States by arrangement with Imperial Chemical 
(Pharmaceuticals) Limited 5538 
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MINIATURE PROBE COUNTER| CLIC 
TUBE FOR NEUROSURcERY || YY SHOP 


271-275 Congress Ave., 
PEE NB Probe Counter Pubes are mad 
New Haven 11, Conn. 
especially for neurological surgery and other 
medical uses probe Phone MAin 4-2624 
Phey provide a satisfactory way of measuring 
and for probing 
abeas With relatively strony field 
Medical Books—new & used 
Phe stamitess steel probing needle has an 
outside diameter of O80 Phe sensi General Books—new & used 
Hive starts about from the tip 


of the needle and extends to about mm Social and Student's Stationery 
from the tap Ns an aid am detecting the Diagnostic & Dissection Instruments 
depth of penetration. the probe is praduated 

starting at the far end of 
the sensitive volume and extending fora 


distance of TO cin the total needle length Greeting Cards & Gift Wrappings 


Laboratory & Professional Apparel 


Write Dept. Y for further information 


26 Herman St. Glen Ridge, N.J. 


Journal of the History of Medicine and Allied Sciences 


IN ALL SpHeres On tithe History 


Contents of January 19560 issue 
OF hdivard Rosen 


Hudson and Herbert 


G. Parser Story, Gordon Walls 


Pwo Rowan Writs, Bruno 


Published quarterly 


Yearly subscriptions $7.50 Student subscriptions $5.00 


DEPARTMENT OF THE HISTORY OF MEDICINE 
33% Cedar Street, New Haven 11, Connecticut 
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___Kodak reports to laboratories on: 


materials for autoradiography . .. a fluoborate prop for the p-nitrobenzenedi- 
azonium ion... looking through the microscope with movie film and camera 


Artist's choice 

Autoradiography is the art of 
arranging for radioactive 
substance to take its own pic- 
ture. Everyone who practices 
thas his own problems and 
his own solutions, which he 
knows are better than anyone 
else's solutions. 

Some preter to bind their 
subjects in contact with pho- 
tographic plates. bor them we 
supply Aodak Autoradiograph- 
tw Plates, Type A or Type No- 
Screen, with 25a emulsions. 

Some want plates with emul- 
sions up to 2008 thick, in 
which paths of individual 3- or 
a-particles are long enough to 
be plotted back to their ori- 
gins. For them supply 
Kodak Nuclear Track Plates 
in five different sensitivities 
and six different emulsion 
thicknesses. , 

Some prefer to peel the sen- 
sitive emulsion off its base 
and lay it down on the subject. 
For them we make Kodak Au- 
toradiographic: Stripping Film, 
Tipe NTB, that comes like this 


the impermeable layer serving 
to protect the emulsion and 
the specimen from each other 

Some who strive for best 
resolution of blackened areas 
(rather than of individual par- 
ticle tracks) want a thin emul- 
sion and are more interested 
in how close to the specimen 
they can vet it than in how 
well they can separate the two 
Por them we have Kodak Au- 
toradiographic Permeable Base 
Film where the emul- 
sion ts only Sa thick and me- 


This is one of a series of reports on the many products and services 
with which the Eastman Kodak Company and its divisions 


are... serving laboratories everywhere 


chantcally supported by Su of 
plain gelatin that goes on the 
outside 

Others tind this breadth of 
chotce too narrow. Only with 
liquid emulsion, these brave 
souls plead, can they get the 
radiosensitive layer exactly 
where they want ttand as thick 
or as thin as they want it. But 
we, who have worked with 
liquid emulsion for 75 years, 
know what delicate, perish- 
able, and variable stuff it ts 
and that its handling ts no whit 
less important than its compo- 
sition and compounding. 


Believe us, it is neater all the ways 
around to solve vour autoradtographt: 
problems with one of the above-italt- 
cteed plates or films, obtained from a 
Kodak dealer’ Nevertheless, those 
who have concluded that only liquid 
emulsion will do may state thetr cases 
by letter to Fastman Kodak Company, 
Special Products Sales Division, Rowh- 
ester 4. and awatt developments 
Yes, and we even go so far ay to offer 
free reprints of the recent Nucleonics 
article, Alpha- Particle Autoradtog- 
raphy with Liquid Emulsion.” 


Phenols by chromatography 


A customer reassured us that 
the fluoborate prop) would 
hold) p-Nitrobenzenediazonium 
Fluoborate eastman P7078) to- 
gether, and it has. All that pa- 
per chromatographers want of 
itis the p-nitrobenzenediazo- 
nium jon to form characteris- 
tically colored azo dyes with 
various methylolphenols 
(C HpOHCCHLOH Dn). 

fo get at other phenols, one 
makes such derivatives out of 
them, The clever chap who 
thought this up was only study - 
ing the phenol-lormaldehyde 
resin formation reaction, and 
here, willy-nilly, looks as 
though he has opened up pa- 
per Chromatography for phe- 
nol analysis 


To order 
Pluoborate or request a copy of eur 
List’ Ne of some 
Chemicals setin touch with 
Disutlation Products fast 
man Organe Chemteals Departoten 
Rochester NY CDtvtston of Last 
man Kodak Company) 
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Cinephotomicrography 
2? Phat motion pictures made 
through the microscope 
might’ have much value 
jboth as an investigative 
technique and as an aid to 
scientific communication 
and instruction doubtless 
P occurred to thoughtful men 
earliest nickelodeon 
days, if not before. Cer- 


- 


- 


» 


. tainly the art has been 
, widely and effectively prac- 

ticed and improved since 
ay | then, but how many labor- 


ers.in the various vineyards 
i have had too many other 
important and more difti- 
cult matters meriting their 
attention to give thought 
to what cinephotomicrog- 
raphy could do for them? 

Therefore, with no loftier 
, Motive than moving a little 
merchandise, it may be 
‘that by publishing a new 
revision of the booklet 
“Motion Pictures Through 
the Microscope,” we shall 
accomplish the greater 
good of a seed dropped in 
the right place at the right 
time. 

The booklet speaks of 
how to use a motion-pic- 
ture camera to alter the ap- 
parent rate of events on a 
microscope stage, making 
them many thousandtold 
faster or four times slower, 
as desired: of the details of 
aligning camera with mi- 

croscope of illumination, 
exposure, Color rendition, the 
defeat of vibration, and a hun- 
dred other petty points that 
distinguish exasperation from 
proud achievement 

of Motion Ptetures 
Pamphlet ts obtamable without 
chars frome Kodak 


pans Sales Service Divtston 
Ruchester 


Cine photomicrograph 
by EJ Farris 


and winds up like this, 
= 

Kodak 


ISIS 


The Foremost International Journal Devoted to the History 
of Science and Its Applications 
Organ of the History of Science Society 


(Constituent of the American Council of Learned Societies) 


COMMITTEE: Marshall Clagett, University of Wiscon- 
sin; Bernard Cohen (Fditor and Chairman), Harvard) University; 
I. bk. Drabkin, City College, New York; John Fulton, Yale University 
School of Medicine; Henry Guerlac, Cornell University; Conway Zirkle, 
University of Pennsylvania. 


The History of Science Society has members in all parts of the world, 
and in-every field of creative activity and scholarship. By its Constitution 
itis intended to encourage and maintain an active interest in the history 
of science in general, as well as the particular sciences. actual 
practice, its function is much wider, for the Society serves to bridge the 
gulf between the humanities and the sciences, by suggesting the human 
istic values and meanings of scientific progress and by describing the 
cultural matuix in which science has grown to ity present: stature, 


ISIS was founded in igiz by George Sarton. Regular quarterly num 
bers contain excellent scholarly articles, extensive book reviews, news ol 
current developments in the field of its interests, and regular installments 
of its famous Critical Bibliography. 


Membership in the Society is open to anyone interested in the history 
of science. “The annual dues ($7.50) include a subscription to 
Student membership is $5.00. Sustaining membership is $50.00 or more, 
Single issues of ISTS are $2.00 each. Subscriptions may be addressed to 
the Treasurer, The History of Science Society, Burndy Library, Norwalk, 
Connecticut. kditorial and other communications and requests for back 
issues of ISIS should be addressed to the Editor, I. Bernard Cohen, 
Widener Library Cambridge 38, Massachusetts, 
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THE LABORATORY OF PHYSIOLOGY 


One of the first decisions it not the very first made by John Fulton when 
he came to Yale from lis Magdalen ship twenty five vears age was 
tooname dis new home the Laboratory of Phystology. others used to 
wonder why he made such a port of distinguishing between a Laboratory 
and a Department, but Pbeheve that know. beleve that mstinetivels 
John chose the name to distinguish between environment for meaiuiry and a 
framework of organization. Certamly i the years that lave passed there 
has been lithe cnoagh of an organizational framework and mene ot the pyra 
academe structures seen with aereasing trequeney these days 
Rather there was provided an environment that of 
stimulation and of direction. and much perspeetive, and 
direct assistance. short. at was an environment amned primary at the 
development of medividuals and their personal philosophy ot stology, 
rather than the physiology of the Protessor 

Many and varied have been the studies undertaken in the Laboratory om 
consequence of this onentation: neurophy sioloey, clectrocardiology, ende- 
cringlogy, aviation pliystology. as they are reviewed the annual 
veltunes of pubheations trom the Laboratory, bear some ot fohn 
Fulton's perhaps directly more otten im caretul 
formulation of a problemi usually some aspeet ot almost 
always im the discussion of the relation of the study to other work, and 
Invariably adviee toward direet, expressive writing and that mee appree 
ation and recognition of the work ot others whieh coties trom: historteal 
pcrspechhye 

leven more varied have been the students attracted to the Laboratory by 
the challenge to ther individual neurosurgeons, neurologist 
graduate students, and of all specrities Pew have 
been of the hind to make docile assistants, or long suffermp academic wheel 
horses, folin’s own domain, and ot pliv any 
Where has developed protessors i such oa wide oot 
endeavor: an Physiology, Neurosurgery, Neurology, and oan Medical 


What have been the other features of the that 


nique an expression of own philosophy. and such a real 


~ 
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in medical education today karst of all would list its humanistic approach 


John perhaps should have been a surgeon, so that he could savor some of 
the satisfaction that comes from direct mtervention for the benefit: of a 
patient, but PE suspect he has enough of the humanistic philosophy of the 
yreat latroplulosophers like Rabelais to have garnered the less heady satis 
faction of midireet assuagement of human needs. Like the father of daugh- 
ters, dus contributions will be found even where his name may not be 
known, Certamly the Laboratory understood the difference between 
immediate and long-range practicality and felt secure enough in its com 
petence in both practical matters and “pure” science to make a fetish ot 
neither 

From this humanistic approach no doubt derived the climeal approach to 
physiology that so strongly characterized the Laboratory. Chareot’s ex 
clamation, “Ce avest pas un sige, un malade might well have been a 
Laboratory motto. Careful observation of behavior, close examination by 
the unaided senses, and a of mstramentation were emphasized: as 
the necessary fundamentals of all good researeh. To these himself 
contributed a peerless neurosurgical technique and encouraged the develop- 
ment of advanced iistramentation in psvchobiology and cleetrophystologs 
ast became maperative, but the orientation im the Laboratory has always 
heen toward the problem: and never toward the means themselves, 

rom the beginning, the chiieal approach extended to and merged wath 
the behavioral. The doctrine of cortical localization, so firmly based upon 
the plan of topographical projection im the nervots system and pre 
scently extrapolated to the autonomic nervous systent in almost the first 
studies from the new Laboratory, was early seized upon as key te 
behavior, Today this work stands at the very threshold of the newest era im 
neurophysiology, when the vagaries of human behavior can be expressed in 
neurophystologieal terms and all the links the cham) frome neurone te 
nnd will be recoguized, 

The Laboratory was created as part ofa new plan in medical education at 
Yale, and one day there will have to be an evaluation of this plan and of the 
very Jarge part that the Laboratory of Physiology plaved in upholding its 
principles. “Po ome the very essence of the Yale Plan was that at placed its 
maim emphasis on rather than teaching. Fortunately, therefore, the 
Laboratory atmosphere was thus the same for medical student, graduate 
student, fellow, and faculty emphasis on personal mitiative and ats 
provision for an environment mm which learning took place, As a result, the 
scluzophirenia that so otten grows up between teaching and research duties 
Was noticeably absent. by noe means paradoxical that such an atmos 


phere should develop -trong attitudes about teaching and cultivate so many 


4 

a 
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good teachers. “The Laboratory of Physiology was thus almost uniquely 
fortunate im the direet and indireet: support it recerved trom: the Sehool ot 
Medicine and the University, 

suspect that the most significant characteristic of the Laboratory was 
the cathoheity or universality of its outlook. Noo smadl part of this came 
from the historical perspective that onented the day's work against. the 
labors of the past. Books were the velucle of history, and they lay open in 
the laboratory as well as in the seminar room and dibrary. No one knew 


better than where to turn for the apposite passage im them. attee 


tion for them is our reason for compiling one on this oceaston and presenting 


to ham, 


Twenty-five vears are swiftly past but they have encompassed a period ot 
real sigmificanece for all of us whe have been associated with the Laboratory 


of Physiology and its creative genius whom we salute todas 


Hi 
Professor of Physiology and 
Charman of the Departiurent, 
Baylor Cmversity School of 
Vedieine, Tlouston, Tevas 
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John Fulton and Yama, an early member of the primate colony 


(Photograph by Richard Laight, 1933) 
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King Leopold of Belgium greeting the Franequi Professor during: tis 
lectureship at the University of Louvain, September December, 1951 
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bulton after the London wedding August 1955 of one 
of the three British children who came to them during the early days ot 


World War 
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De purtinent of Nenrology. of 
Cincinnati College of Medteaie and th 
Service of the 
Hoypatal, Ghia 


THE FUTURE OF NEUROLOGY 


\inong those chinemns whe studied with John fulton there were some whe 
went to his laboratory te further their tramimy oman era when neurophy 
avy Was considered to be the dyvnamie basic science for neurology and 
neurosurgery. “There at was hoped to obtam foundation which taken 
together wath neuroanatonneal and neuropathologieal knowledge might 
sharpen diagnostic shill, and perhaps even make for a certam mvestigative 
bent. Ato Yale. chimeians pure and simple were immersed sea of 
physiology neurological as well as general such as required them te 
swinker sink. Fortunately, there were always at hand those colleagues whe, 
it was realized later, were significant persons moone’s life, with whem at 
was possible to test out growing conceptions of this basie serenee sit wis at 
Fultoman forte to be surrounded by persons of wit, fasemation, and 
Will, whose collaboration was ever avatlable. 

The permeation of the atmosphere with hooks, books, and more books 
and the unassuming historical approach must have been responsible for the 
broadening of manny an uncommitted young man. never to be forgotten 
educational experience was leavened by a charming concern wath the socral 
side, and evenmys at Mall Rock were hardly less important than the days in 
the laboratory. Visitors of great moment were the “preee de resistance,” 
day and might, 

Finally, there was sensed the continuing: miterest am one’s career: the 
mere fact ot leaving did not sever connections with the Laboratory. 
had te say so tar deprets ways anideal in educational opper 
tunity. “Phere is the subject and the room te achieve at, the friends, the 
philosophy. the humanity and warmth surrounding Phe ot 
}owall leave for Tater, Because otf this type of neurophiy stologiest exposure 
seme cof ous became dynamic neurologists and neurosurgeons, improved 
dhagnosticmins certamly, and better equipped to teach the subject ever we 
hadoainmous any of the talents of the teacher. 

There would be general consent, | believe, that the Laboratory of Neure 
physiology Yale under Fulton plaved part an 


present neurology. Plas as not the place to review the researches and con 


Protessor of Neurology > Director, Neurolopical Service 
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cepts that have stemmed from this school ot basic science and their effect 
upon the chineal discipline. are generally well known, Batam hight of 
the influence of this laboratory on current neurology, i would not) seen 
amiss to say a few words about future neurology, 

Ih one of his provocative addresses, Sir Francis Walshe. the onmipresent 
eritic of the neurological scene, recently propounded his views about the 
of neurology before the Koval So of Medicme. Phere is no need 
to dwell on Sir Branets’ function as the gadfly of neurology a troubler of 
the waters, as he terms it} nor to recall that the gadfly stirs up a lacka 
daisical herd, though this be a secondary function. Sir Prancts takes us to 
task because the neurophysiologically oriented chinieian has contributed 
little to understanding of the etiology and pathogenesis and less to the cure 
and prevention of neurological disease. The liberal pursuit of knowledge 
the prime endeavor of the anatomist and physiologist —-does not allow for 
much interest an morbid categories, which are or should be the primary 
concern of the neurological clinician. The clinician with neurophysiological 
bent seems to be hindered rather than helped in his search for practical 
means; Sir brancts imphes that the product 1s before us to be seen by all 
who wall but take the trouble to look. 

And Sir Franeis, in his considerably greater role of synthesis, proposes 
asa remedy for our ignorance of the nature and etiology of many common 
neurological diseases that some neurologists be tramed in biochemistry, 
enzyine chenmustry, and metabolisme where the major harvests are now 
hemp reaped. “howard this he recommends that the Medical Research 
Council arrange for scholarships which allow the tramed young climerin of 


promise to obtam three years’ traming im a serentifie discipline relevant to 


the field of work he intends Tater to cultivate as a clinician, the last: vear 


beng given to the appheation of what has been learned to climeal problems 
While presume to read Sir intent, venture to suggest 
that he has once again focused dis searching mind on a single aspect of the 
subject for emphasis. He is not nelined to throw out the baby wath the bath. 
He would subseribe to the proposition, sure, that the anatonnea! 
and pathological onentation of the climeal neurologist 1s a 
requisite because modern neurology is the appheation of these 
basic sciences to diagnosis. specialties require of its practitioners such 
concentration on its basie serences as does neurology. envision ne 
immediate change im this method in the making of excellent clianterins 
Heretofore and even today one could sately ignore all that is chemistry 
and still become a dace diagnostic though, as at seems Sir branes has 
demonstrated, contribute httle or nothing to revelation. While there will be 


agreement that climeal neurology should be an closer contact with 


: 

~ 


The future of neurology 


foal research, the proposition to tram one person both diserplines is net 


thely to be attractive to many reeruits. Up to now advanees im general 
medicme via brochennstry have been made dy chemists and net by 
clans working in chemistry. To become proficient im neurology, let us say, 
ata dugh acadenne level is currently so onerous and time cousuming that 
relatively few attempt Yet there as hittle doubt that the man with 
knowledge at the steal and chenneal actrity of the wall plas 
mereasingly part in the study of its disturbances, meluding those 
of thought, 

It seems that neurology as broader diserpline than the practiee ot 
wall require ter ats advancement mere manpower or better bran 
power than the neurologist ean bring teat. Phere is te encomipa 
mothe making of a topilight neurologist or Drochemust that currently. a 
lest, the protie ob one are out ot the range of the other. ditter 
enitiation as is demonstrated by the tramed neurologist or brochenust 
he followed by progressive mitegration, as Jackson saad tor 
the nervous svstem dong age. But there ino reason why research biochen 


ists should not share as equals the clineal facditives of hospitals, and. as we 
| | 


know, this has been occurring mn some eases 


address betore the American Philosophical Sooty. 
Bush) surveved the screntihfie scene and addressed some renmiurks to om 
problem. Ele listed a few of the recent advanees im and stated 
that the discipline was im mifaney and that furnished an exceedingly 
attractive field for men of courage and fertile minds. alse noted that this 
held true fer psvehology. whieh for our purposes te 
termed neurology. Bush saad that where these disciplines meet te attempt an 
attack upon the Dram processes of man, there is a situation comparable te 
that nm evolution betore Darwin) many of the essential notions have been ot 
are bemg excavated, but the ermical svatheses all still lie ahead. eon- 


tinued the parallel between the evolution of serenee organs 


evolution 
with the statement that the former as a radiating evolution, producing: ness 
species of serence almost daily. There is iitense specialization te tll 
inthe environment, species have speemblized to the pout where thes 
have lost contact with the thread perhaps have Jost them bor 
adaptation 3290 

What a wondertul argument for progressive qitegration, for the working 
together of men vartousty tramed! world not plausible except in 
the most unusual case to expect the single person te have miore than one 
“tense specnalization threat neurology with ats required 
screnices required: so that aman may become an able of 


teacher ts a single mitense speaalization, and that the newer Drochemistry 


x 
\RING 
: 193 


YALE JOURNAL OF BIOLOGY AND MEDICINE 28 Deco 1257/6 


is another and something entirely apart, and there are many more for which 
acmutation has net vet produced an adequate substitute. Perhaps, to eon 
tinue the analogy with evolution, a time and according: to the Wadshian 
plan amutation will oceur, but it would seem an unlikely happenmime 

Bash brings forward another factor that as bound to affect all screntitie 
endeavor the te man’s thinking represented the 
machines. noted that: 


One can concerve an analogue machine that could handle the routine ot 
orgie Chemistry far better than aman could do. Tt could have a far more 
extensive and accurate memory. Tt could manipulate relationships far mere 
rapidly and with preater and more accurate restraints than a human bran 
It could even learn by experience i necessary. possible, on paper at 
least, to build amachine whieh will proceed from: item: te item: by principles 
of association, as does the bram, without pyramidal indexing. There is ne 
reason Why man should not relegate to the machine all those parts of his 
thoruglit processes which are repentive or subject to preeise formulation. 
Intact heamust do soat he as te handle all the mass of data he is creating 


Soat would seem, too, that there could be an exciting future for the neurole 
vist iiterested am electromies, and so it goes frome one field of imtense 
specialization to the other, 

The unitary approach te neurology be at or 
chenneal or any other is as apt to be fallacious as has been the unitary 
approach to any single disease; perhaps this is a pomt that branes 
Walshe is striving tomake. submit that no one can tell whence progres. 
may come, and while iis useful to call attention to what we consider to be 
fallacious approaches, tas well te be while domg it. relation te 
the overwhelming amount there is to know at the present time, any single 
person's holding inthe knowledge market is bound to be meager. This, too, 
pomits toward progressive integqation as an approach, ao maneuver which 
Interestingly enough requires as much of the feelings as it does of intelh 
gence, Behavior i ever with us. and quite obviously we cannot know too 
much about at 

It Should be apparent throughout this essay that Tam discussing only the 
best there as to be had for neurology, as certamly was the case iam Sir 
Francis Walshe’s presentation. Qur concern with the advancement ot 
neurology and particularly with research, as well as the neurophy stologiea! 
approach Which he looks Wpon as outmoded, Maples the funetion of good 


The tillip lent neurology by methods akin to those in vogue the 


advertising field wall not helps in ne may quantity be expected t 


perform the funetions of quality, 
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future of nenuroloe 


\s Bush has said 


It appears that scrence needs new methods as at approache problenis 
Which reach beyond the simple relations on which miuech of ats present st 
cess has been built. These methods will mvelve new wavs of storme ane 
consulting the record, no doubt. But they will mvolve also new patterns of 
collaboration where several lighly disciplines, bevend true mas 
tery of any individual, are essential tor tall might. We ean proceed 
tively onomany of the paths now open when we learn te iiterrelate the 
thought patterns of alleed mands wath far more as mew tus 
mished by books, lectures, or seminars. As this oceurs the wavs in whieh a 
screnitist Wall proceed about his business, the wavs which veuth wall be 
tramed, the position of serencee in seciety will be altered greath op. 32), 


There willbe some who will bong up the now hackneved argument that 
ds nota screnee. a proposition that has become nearly evident 
But the words apply nonetheless to our artistic screnee. Tt makes us teel 
better when Bush retutes the formulation of a code of ethies froma mechan 
istic universe Which, some recent writers have seemed to think, followed a 


logical sequence 


This code, stmmiary. as very simples controls dis destiny det han 
so control to build tor himself a better lite This ts to assert that 
there ds no reality bevond those things whieh we can measure with a rule as 
tine by a clock and that value can be deduced trom: a statement ot tact. But 
Mans motivations emerge trom his entire experience. “Phe seat ot ethies 
noour hearts, our minds 33) 


As hkely to be as usetal as the research man in the conquest of disease ts 
the teacher who handles adeptly the sensitive mand of some ot lis vouny 
charges and who is not atrard of new ideas. This, of course. is the long view 
Which requires the evaluation of teachers as the equivalent of those dedi 
eated primary to research, a rather unhkely commitment a these tunes, 


\gain we would dike them both rolled ante one, the researcher and the 


teacher, But we deal with two areas of mitense specibzation, though 
| 


in this case they are less likely to be so miautually exclusive. is one of 
the marvelous blends that oceurs wath just enough Irequency to take ug 
ever hopeful, though itis not an easy its frequency hemp con 
siderably more apparent than real Very tew worthwhile endeaveor- 
have been more often anpersonated than that ot a teacher. one need 
only review one’s own experience as a student to saver this port 

Then there as the ability to handle ideas Woiltred J Potter, the 
greatest of medical philosophers, commented on this feature of our cultere 
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as te profit treely frome the small and sporadic erap ot 
hermeally pitted at produces, will have to cultivate the deheate art ot 
handling ideas. Psvchology is now able to tellus with reasonable assurance 
that the most mfluential obstacle to freedom: of thought and to new wen 
fears and fear which can wath intautable art disguise itself as eaution 
OF On oecasion even as courage Cp. 30) 


Such heavy handedness has not been so much of a problen: as it 
formerly. Wath the general loosening of discipline of one sort or another 
that has been oecurrimy, ideas though just as rare are not quite so virtne 
able; the modern cat dares more than look ata king, 

During John bulton’s professorship in physiology, he wats a fine practi 
ot Protter’s “the serene samity whichis the serentitie mand.” since be 
gave tooevery fresh idea its one intense moment of cool but 
attention before venturing to dark for reqection ar suspense. wis ever 
| 


aware that youth must be encouraged to think for itself and that one ort 
functions of the good teacher is that of treading genthy. though mot thabbrl 
when dealmy with developmgy minds. Peacher, mvestigator, and handler 
Ideas, allot these were the concern of Jolin fulton the ply stologist. these 


everal roles he has had as mueh to do with neurology present as ia 


modern ply stalogist, and itis a good wager that via his pupils he will have 


te do wath future neurology. And his encouragement of patterns of 
collaboration, among highly speertdized disciplines and people, as apt to he 


the method of the future whereby neurological revelations will be derived 
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DONALD H. BARRON * Department of Vale 


THE OXYGEN CONCENTRATION GRADIENT BETWEEN THE PLASMAS 
IN THE MATERNAL AND FETAL CAPILLARIES 
OF THE PLACENTA OF THE RABBIT! 


The observations that the substanee ot this report with 


stances associited with the transfer of oxvgen 


placenta ot the rabbit, They were made in an etfort to « our 


of the pli ology ot the exe hangve of the re 


between mother and fetus with marticulir reference to the etfeets upon tha 
| | 


exchange wrought by varittions placental strneture, such as the number 


of tissue lavers that separate the fetal and miaternal plastias through which 
the respiratory gases diffe. the mature placentiaat the end ot 


gestation the mumber of these tissue davers is satd te vary from: one te 


ter 


depending upen the animal groups under consideration. \eeording 


Gsrosser’s classtheation there are six an the horse and pig. tive 


sheep, and goats, four in the dog and cat. three im the and the rabbit, 


though at the very end of the gestation period there is. in parts ot the 
rabbit placenta, but one separating Laver 
approach to this broades problem was of the 


of aos Veen the five lavered 


placentas til 


the sheep The results midieate that there an ox pore re oracle rit 


ofpibout between the maternal and 


| 
1 tet 


polit Has as 
talned relatively constant over the greater part ot thre pestation period 


hall clays ) Ys the pore ~} thie 


returning to the placenta via the waibrheal artery appears to range between 


and 2O the pressure the uterme vem 


must vary between 50 and GO mm. Phe oa presstire range at the 
maternal blood ot the sheep is 60% to saturated with o veen. Mian 


tenance ot thi steep the five lavered placenta the 


Protessor ot Phy srolops 


was supported by are 


search frome the 
on Health Publ Health Service 
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fraction of the total osvyen brought to the placenta by the maternal blood 
that can reach the fetus. 

experiments described here were carned out in an effort to obtain 
comparable information about conditions the rabbit that would) pernuint 
abassessment ofthe put upon the oxygen transter by the thinner 
placenta, Pn the earher studies on the placental transfer of oxygen i the 
sheep, the oxygen pressure as estimated by relating the percentage satura- 
Hono! the hemoglobin ina given blood sample to an appropriate dissocia 
Hon curve wis used to express the force driving the oxygen across the 
placental barrier, as af that barner were comparable to the pulmonary 
epithe and the oxygen moving froma gas phase inte solution ima 
pomt oof fact, when two liquid phases are imvolved, as in the 
movement of oxygen from: the plasma across the capillary wall ite the 
tissue fluid Cor as om the placenta or across the tissue capillaries of the 
Dram, mitsele, ete atas the difference in the concentrations of the oxvgen 
molecules, re. the difference in the number of oxygen molecules ma given 
volume on either side of the barrier across which the net transter of oxygen 
Is taking place, that i related to the effective force. Necordingly, we have 
expressed the values tor the oxygen content of our plasma samples im this 
study an terms of its concentration. Since the concentration of oxygen, Os, 


In plasmaat 38 Co can be expressed by the equation 


Where ais the solubility coetherent at that temperature and the oxvygen 
pressure mea gaseous phase with which the plasma of whole blood would be 
the units of pressure on the abscissa of the oxvgen dissocta- 
hon curve of whole blood as usually drawn (Figs. 1. 2. and can he 
converted for our purpose to concentration Cmillimols per litery by mult. 
plying them by a or 0.00135, the pomts on the abscissa then represent the 
oxygen concentration aim the plasma with which the hemoglobin in the 
corpuscles is an equilibrium at varied percentage saturations and are te 
that extent a more accurate representation of faets that are imphed when 
the gas pressure is plotted on the abscissa. Moreover, the representation. 
one that permits the ready estimation of the oxvgen concentration im the 
plasma ofany blood sample by the reference of the percentage saturation of 


its hemoglobin to an appropriately constructed dissociation curve and it qs, 


accordingly. most useful for our purpose. For comparison we have pre 


sented the dissoemtion curves we obtamed with pressure plotted on the 
lower absetssa Chips. 2.3). for the estimation and illustration of con 
centration yradients Figure drawn with concentration on the lower 


abscissa 
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CONCENTRATION OF PHYSICALLY VEO OXYGEN 
PLASMA AND IN EQUILiBRIUM WITH HEMOGLOBIN 
IN MICLIMOLS PER LITER 
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Oxvpen dissociation curve ot the pooled blood ot a hitter ot 25 day rabbit 
fetuses. The individual pomts represent the degree ot saturation at specitic oxygen 
pressure ot sample Sot pooled blood or litters ot apes that are malicated an the hey Lhe 
two broken curves dimit the area ain which the pomts obtamed wath blood ot adults 
pregnant and nonpregnant tall 

Pie 2. Phe oxygen dissociation curve ads drawn through pomts obtamed wath pooled 
bloods of litters 27 days gestation ape indicated inthe key the other points were 


obtamed wath bloods trom: litters of 26 days The broken curves the trelds 
asm | 
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Pin Phe oxvpen dissociation curve as the key was prepared wath) the 


pooled blood ot 28 day hitters Phe broken curves limit the adult) treld as am bagures 
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big 40 Phe paar ot dissociation curves maternal and fetal and the tour pout 
them serve to allustrate the deyree ot saturation of each ot the 
drawn trom the tour placental vessels was related to the curve and how the 
the curve was used an turn to estimate the oxypen pressure and oxygen 


othe plasmaot the samples further explanation see text 
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Inthe rabbit’ as an the sheep the tetal and maternal bloods flow through 
the placenta more or less parallel capillary systems in opposite directions, 
that as to sav, the blood Jeaving the placenta via the umbileal ver 
approaching with that entermy the maternal artery and the 
blood entering the uterme vems from the placenta with that a the 
artery. Nccordingly, the difference aim the oxvgen concentration the 
plasmias at the arterial end of the placenta was estimated by subtracting the 
value for the blood of the unibiheal vem from: that for the blood an the 
uterine artery, the difference at the venous end by subtracting the plasma 
concentration in the umbiheal artery frome that of the uterine vem. These 
differences are expressed terms of pressure to permit them te be 
pared with data already in the diterature, and concentrations for the 
reasons outlined above. The average difference in plasma oxvyen concentra 
tion between the maternal and fetal bloods that uniform: concentration 
difference which would result the transter of the same quantity oboxygen 
between the maternal and fetal beds per unit time as is transterred 
by the varving concentrations that exist along them Jength owas estimated 


by first determining the average pressure gradient as was done i the case 


af the sheep. tor the larger values of pressure are more convenient to work 


With than those of concentration. Phe concentration gradient was thes 


obtamed by the pressure number by a, whose value i (00735 


of oxvgen per liter per mink Ply for plasma at 3x ¢ 


MATERIALS AND METHODS 


Phe does tor these experments were larpe New Zealand Whites 
Mio Whetstone ot West Haven, Conmne who provided them breeding 
as well, without Tis anterest and assistance this important would 


heen ditheult to obtain Phe animals were anesthetized wath atravenous Neribe 


per hale 


ter thre oxvpen disso dation curves ot the normal rabbits was draws 


they had been anesthetized, trom the demoral artery inte svrmpe contamany 

oxalate Huoride mixture, the tinal volume was adjusted to contami: nine parts or blood 
andoone partot that Where necessary, the results were correeted tor cilutier 
The dissociation curves ot the bloods of the pregnant does were prepared wath blood 
drawn trom the aorta atter blood had been obtamed trom the tetuses The 
Hlood tor the fetal curves was drawn trom the umbilical vem into 2 or 3 
coo tubercuhin type svrmpes whose walls had previously been morstened with ao neutral 


heparin fluoride solution that was driven out through the needle usually ot 24 or 27 


gauge Phe samples were pooled tor the construction of the curves 
Phe oxvpen dissociation curves otf the blood of the adults were prepared atter thre 


manner described carher tor the sheep's blood but the volume ot blood available tor 


: 
on 
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he construction of the VEN WG too stall to be so treated we tashroned 
large tonometer Phe neck ot this ovlinedes 


Through the stopper closiig the end oop the tonometer. Phis narrow neck woes a 


turn closed wath ao robber stopper \tter the gas mature in the tonometer had 


heen prepared an the ustal manner by evacuation and replacement the blood 


introduced inte Cand Later wathdrawe the meatus of 


Wat 


al hiv pro 


needle thrust through the stopper pli ot the bloods was deter- 


ried sath the plass electrode betore them equilibration the carbon 


content ot the gas moisture was so adjusted that except where noted the bloods 


at eqmilibrium pll 740% These determinations made at room 


femiperattire were 
corrected tar 3X ¢ Rosenthals 

used am the estimation ot the percentage saturation and the oxyvpen 
concentrations of the bloods entermigy and leaving the tetal and sides ot the 


placenta were drawn circumstances whieh special precautions were taken to ensure 


that the samples as they were drawn were representative ot qormal conditions 


utere. The pregnant does were anesthetized with Nembutal; the animal was then 


so placed that the abdomen was tully immersed in a large bath Ringer's 


solution held at 40° Cl by means of a thermorepulator and heater” The Ringer's was 


venth agitated by bubbling ai through at When the uterus was delivered atter 


laparotomy into the Rangers. ats musculature was quite mactive, and the color ot the 


blood an the uterme vessels did not alter visibly during the course of the experiment 


sample of anaternal venous blood was drawn trom one ot the convenrently 


onented uterme vers dramung the horn conmtamang the fetus to be studied Phe tetal 


vessels were then exposed by a stall incision at angles to the long ot the 


uterus and just above the umbrheus, Phe fetus was not removed trom the uterus > the 


membranes covering the placenta were cleared away and the branching 


vessels were traced to ats surtace tavorably situated tributary of the vers 


was selected and O3-04 co was withdrawn via 27 needle tuberculinety pe 


whose walls had heen wath a heparin solution Next. a 


satiple of the same sive was similarly withdrawn trom one on the 


arteries. Particular attention was ter the codon on thre placental vessels 


as the were drawn, color wos noted, the 


carded. Samples were drawn trom: but one fetus ani each titter The 


were ht 


eorather 
tunderds reduced the number samiples dor but therm 


appeared te be essentyual te the ot the atl 


Phe maternal sample was drawn trom the central artery ot the evar 


Vitter the sample cere them we 


water bath Phe oxygen contents and capaerties ob the 


transterred directly trom: the to the meastring pipette 
Phe oxvpen concentration the petal vere estimated bby reterring 
recntage saturation of each one to a dissociation curve prepared at 74 O01 


pooled con Titter cot the bap 4a i ditherenies 


vas nepleeted. The aturations « the Mere rererred 


toocurves prepared at pHl 74% QOL with blood taken tron the 


aorta at the ened oot 


the experiments 
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RESULTS 


Oxygen dissociation curves of maternal and fetal blood. Vhe oxvgen dis 
sociation curves of maternal and fetal blood prepared at O.O1 with 
blood drawn from the aortae of ten female rabbits that were not preguant 
and had not recently been so fell when plotted within the area limited by the 
broken lines, soandicated in Figure 1. The points on the dissociation curves 
sunilarly prepared with bloods from 23 pregnant does sacrificed at stages 
mn yvestation from the 24th to the 30th day post-insemination fell within this 
same area, Whereas the points that form the bases for the fetal curves tend 
to he to the of at (bags. 1-3). 

The three points determined with the blood of a 24-day litter — see Figure 
indicate that the oxygen dissociation curve tends to be hyperbole at 
this age; the blood attains a saturation of O70 at an oxygen pressure of 
only 46 mm. Hy. With advanemy fetal age the curve becomes progres- 
sively less hyperbole and more sigmoidal until at days—-the 
individual pomts that deseribe the curve are distributed along or im the lert 
margin of the area that embraces the adult curves. This gradual change in 
the character of the dissociation curve and in the affimity of the fetal blood 
for oxygen is well illustrated by the decrease in the degree of saturation 
when equilibrated with an oxygen pressure of 40 mm. Ey as gestation 
advances. At 24 days the blood is circa 950 saturated; at 26 days the 
saturation has fallen to 88 at that pressure, and by the 28th day to about 
76007. The saturation of the blood of the adult females ranges between 3x0, 
and OS) when the oxygen pressure inthe tonometer i 40 mm. Hy and the 
pH 74 + 

The vanability in the distribution of the pomts obtamed, using bloods 
from different litters of the same age, is illustrated Figures 2. and 3, 
The range of variation was rather less than had been expected; the points 
obtamed with different bloods and oxygen pressures may be combined to 
forma curve with a degree of deviation not much greater than would result 
from the use of pomts obtamed frome a single mdividual. Phe variations im 
mdividual development within a litter which must surely exist appear to 
have cancelled cach other out. 

This lmuted range mi the variability of the degree of saturation obtamed 
When pooled bloods of Ttters of the same age were exposed to the same 
oxygen pressure encouraged ts to use the composite fetal curves im the 
estimation of the oxygen concentrations as reflected by the percentage 
saturation the small samples that might be drawn from: the 


vessels of midividuals of other litters of the same age. The errors so intre 


duced did not appear to be any greater than those inherent in the sampling 


: 

202 

7 

= 


concentiation gradient BARRON, BALELAGEIA 


of the blood in these vessels. Pn the estimation of the oxygen concentrations 
inthe bloods trom: the umibiheal vessels of fetuses 30 days’ gestation age, we 
used curves prepared wath the pooled blood trom: the ditter mates drawn 


after the umbilical samples. 


Ovyvgen concentration gradient between maternal and fetal bloods. best 
ination of the coneentrations am the fetal and maternal bloods 
entering and leaving the placenta were made on five mdividuals. One wits 
27 days yestation age, another 28) two were 20-day fetuses and one a 30- 
day fetus. In each case the oxygen content of the sample as drawn wits 
determined together with the oxvgen capacity; these two values were used 
to caleulate the degree of saturation. Thus the oxygen content of the blood 
drawn from the umbiheal vem ot the fetus 27 davs old was 104 volumes 
per cent and the oxvgen capacity P24, the saturation was 104/124 or 
84.207. Reference to the composite dissociation curves tor bloods trom 27- 
day litters indicates that an pressure of 39 mim. Ty required te 
produce that saturation: thus, the ©). 


concentration in the plasma ot the 
vessel from which the sample was drawn was that) concentration which 
would existina plasma equilibrated with an atmosphere contaming at a 
pressure of 39 mim. Tg. or an oxygen concentration of 39>. 
0<.0526 mullinoles liter. The oxygen plasma concentration im each blood 
sample was sinularly estimated; the values are presented im Table 1 

As the blood deaving the placenta via the umbiheal vem am 
Opposition to the maternal stream: entermg via the uterine artery, the ©). 
concentration gradient between the artertalized bloods fetal and maternal 

ean be estimated by subtracting the plasma concentration the 
woibiheal ver sample trom that of the uterme artery. the con 
centration gradient at the venous ends of the placental capillaries, where the 


blood leaving the placenta by the tributaries of the uterme ver is opposed 


by fetal blood from: the umbtheal artery, is represented by the plist 


oxygen concentration difference between the former and the latter ‘The 
results of these estimations are also given in Pable the columu MO. 
The upper tigure of cach paras the pltsmia oxygen concentration 
ditference between the uterme artery and the umibiheal vem: the lower 
figure represents the same difference between uterme and 
artery, At the arterial end of the placental capillaries the plasma oxygen 
concentration differences for the five individuals studied) varied between 
W072 and OOF7 plasma: the concentration difference at 
the venous ends Cuterine vem-umbiheal artery) ranged between and 
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The average plasma oxygen concentration gradient along the two sets of 
placental capillaries has been estimated each one ot the five cases. 
average pressure difference, as estimated by the method mentroned carher, 
ranged between accordingly the average concentration 
difference ranged between and muallimoles iter. Vhe 
values for both average pressure and the oxvgen plasma concentra 


Hon vradient found a each case are listed an Vable 1 


DISCUSSION 


The average concentration difference across the rabbit: placenta 
iter contrasts sharply with that whieh appears to exist 
across the placental barner in thessHeep. The average oxygen pressure dit 
ference between the maternal and fetal bloods the sheep was 40 mim 
Hy indicating an oxygen plasma concentration gradient of 
moles liter, 

It is tempting te associate this difference concentration wath the 
difference im the number of tissue lavers that separate the maternal and 
fetal bloods in these two forms one an the rabbit. five in the sheep but 
further measurements of the physical characteristics of each placental type 
Will be necessary before any conclusions can be drawn as to the partreutar 
feature or combination of features of the tissue barriers responsible tor the 
difference in the concentration gradient. This pomt may be elaritied by a 
consideration of the relatronship of the several factors that modity the 
movement of oxvgen from one plasma to another, 

Qn the assumption that the tissue barnmer separating the two blood 
streams the placenta can be represented by a liquid daver or 


nnpregnated membrane the relationship of the taetors may be expressed as: 


Where represents the of gas transterred per unit tine, SO the 
concentration gradient on the two surfaces of the laver. the area 
ofthe surface at right angles to which the ditftsion takes the « 
tance between the two limiting surtiaces of the liquid laver or ats 


and Koa constant tor the system. Pnoterms of placental transter of oxygen, 


(represents the oxygen constmption ot the fetes per tine 


and would usually be expressed per minute, SO the single difference 
ONVyen Cancentration that would effeet the same net transter a 
the changing vitlues that occur as the bloods are ‘| osed te each other an 


the placental capillaries Cwhat we have referred to as the concentrations 
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gradient), the area ot the smallest: surface interposed between the 
maternal and fetal plasmas, and 1), the average distance between them. In 
short, the maim factors that would affect the placental transter of oxygen 
ate: 

(1) The concentration yradient, AC, 

(i) The limiting surface area Aya factor that becomes more obvious in 
Hs consider the possibility of a cone shaped pla 
cent. The surtace of the fetal capillaries might represent the narrow 
end of the cone 
The thickness of the tissue across which transter must occur, 
Vanations inthe solubility of oxygen a the different tissue lavers 
that form the placental barrier 

(v) Changes in the Fick diffusion coethcrent across the membranes 

The fact should be recogmized that the concentration gradient itself repre 

sents a difference between two quantities, each of which as the result of a 
steady state, tor at wall be apparent that the average concentration of the 
oxygen the fetal plasma of the placental capillaries will merease as the 
rate of blood flow through them: and the umibiheal vessels slows, other 
factors remaming the same. Phis rise concentration would result im 
decrease in the concentration gradient of the physically dissolved oxvyen 

\ccordingly, the rates of uterine and umbiheal blood flow are: fiaetors wath 


effects on oxveen transter that manitest themselves through alterations im 


the concentration gradient. Finally, the fact must be recognized that i any 


barner the different avers may be acting as limiting factors 
for different reasons one laver may present the surtiace area 


another dow 

the heep, low example, an oinerease the surtace area, across 
Which diffision takes plaice would serve to ierease the quantity transferred 
tine theugh the other the concentration gradient 
diffusion distance, and remain unaltered. Ando some such change 
eceur as the oxygen requirements ot the fetal Tamib merease utero with 
advancomy age for the oxygen concentration gradient remains relativels 
stable during the last twoothirds of the gestation period. “Phat the change 
may be one surface area ds suggested by the fact that the volume of blood 
the fetal side ot the placenta mereases steadily until around days’ 
gestation age, thereatter as the volume of blood in the fetal placental vessels 

the sizecot the fetal vascular bed and the concentration gradient 
remain relatively unchanged, at would appear that the mereasing demands 


of the fetus are met by changes i 1), the mtercapillary distanee, or in kK, 
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too. the rabbit the small difference im the concentration of the 
physically dissolved oxveen, on the two sides at the placenta be 


assocrited wath a small distance butat may as well be related te 


the presence ofa large surface area across whieh diffusion may take place 


large. thats, relative to the oxygen requirements of the fetus 
The nest step in this study of the placental exchange of the respiratory 
vases should be an estimation of the surtace area, Ay avathible tor dittuston 


per weight of fetus in these ditterent: placental types 


SUMMARY 


oxveen dissociation curves were prepared with the fetal and maternal 
bloods of pregnant rabbits in the week ot gestation and used together 
with the degrees of saturation of the hemoglobin in the bloods frome the 
four placental vessels uterine artery, uterme vein, umbilteal artery, um 
Inheal vem to estimate the oxvegen concentration gradient across the 
placenta, The data indicate that the difference i the plasma oxygen concen 
tration on the two sides of the placental barner coed mothe! 


per liter, 


fo and Barron, D0 Observations the form and relations on the 
maternal and fetal vessels an the placenta ot the sheep dee 
Darron 1) H Some aspect of the transter ot were thre 
choral placenta ot thre hheep Vale Med lau 
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WALTER S. BORRNSTEIN* 


CLASSIFICATION OF THE HUMAN SENSES 


The recent edition of the Leathook of physiology, edited by Fulton, reveals 
the enormous strides made this field during the past: fifteen vear- 
advances have been achieved a the mereasingly closely related 
discipline of expernnental psychology, a science that only afew decades age 
Was Compartmentalized into artifical groups, such as Sensation, Cerebration 
and Intellection, and Tendency to Action (Waltham James). 

What has fundamentally changed the approach to problems im all areas ot 
psychology is the concept of dynanne structure a pattern of stress deter 
mined by the intepration of divergent forces as orginally propounded by 
the yestalt psychologists Werthemer, Kohler, Noffka, and ther followers 

Replacmy the atomistic viewpomt of previous authors, this concept has 
furnished the basis for such contributions as the Topological Field Theory 
(KK. Lewin), the Sensory: Motor Synergy Theory Boernstem ane 
Sensory Tome Theory Werner), the Cybernetic Contribution te 
Perception (M. Wiener, Pitts, and W. oS. MeCullochy. and. most 
recently, the Theory of Ievent-Structure Alport), 


Indeed, the concept of structure plays a decisive role not only im the studs 


of the personality as an articulated whole, but also of single setses vision, 
audition, and touch. Yet when at comes to classifying the senses of man, to 
evaluating them according to one common principle, even gestalt psvehalo 
vists have avoided the challenge, while other modern psychologists as well 
as physiologists stl tend to fall back on the old blueprints of mineteen- 
century authors, 

Historieally, following Johannes Muller's anatomie ort 
ented division of different parts of the nervous system according to specitic 
sense energies, EL von Plelmholtz arranged the pertinent) psychology! 
entities (sensations) according to “modalities” Catalogumy the modality ot 
vision, the modality of audition, the modality of taste, ete. he made ne 
attempt at evaluation but merely postulated that there were no transitions 
from any one modahty to another” 


purely physiological standpomt, Charles So Shernmnyton ditteren- 


Hated between “exteroceptors.” responding to changes an the external 


Practising psychiatrist 


New York, New York 
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environment, and reacting to changes within the body 


\yain, the senses were graded not according te an overall principle but. in 


this case, classified on topological grounds the site of the receptive tield 


Ruch pomts out, climeal classitication has been “strongly mifluenced 
by morphological considerations’ with ne regard te the biological or 
pov chological values of the senses 


From time to time, to be sure, there have been a few authors who have 


ascribed different values to the various senses, but them ideas were never 


developed beyond the stage ot hypothesis. As early as 1904 the pliv si 


ologist Wo Nagel clammed that only “the so-called higher senses, vision ane 


audition. are strietly separated trom: the other senses and trom each other, 


but that transitions do exist between “the so-called low senses.” Plowever, 


he fared to explain What that determines the division mite “high” and 
“Tow senses 


Perhaps the tirst author to view the human senses am them living contest 


was von Kries, the foremost sense phystologist of tis time. 


the senses aceordimg to them capacities to convey precept 


Vision and touch he designated as heme the 


SENSES Par ENE eHence 


arranged in space Spatial 
While olfaetion was placed at the other end ot the 


scale, for at seemed doubttul to diame that odors had any order 


lurther, he spoke of “the sense at space” ane “the sense heme 


the produets of several different factors, among them the Coluntary move 


\ecording to ven Kries, these senses represent total ot funmetion 


Which not only the sinvle take part 


particularly ot the central nerves 


aa prope TUN man as a Whole las ability te CN perience 


tegrated into one funetonmp pattern. burther, the 
pereeptiion 


pice 
ancl Wat recognized hemp thie 


| Wars tsed as the erniterton for chassitviny the senses. 
ever, the question still remains as to whether this classifieation os pustitied 
so, What are the res polis citferenees 
| 


pov chological distinetion 


Sanee the tine of ats pubheation a century ago. von Kries’ liv pothess 
lists not been elaborated. Most 


tent too treat each sense eparatels a Were an entity rsolated trom: the 
rest oot the organism. Some author nvled out ome sense as 
mere than all the others on 


of the eves te our cerebral activities and te our war 
my Pout the “miner cues.” suppesting 
Aiffers, aideed, all other animals a beme relatively tree 


dépendence on external 
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The foregomp brief historical review indicates the divergence in views up 


to the present. However, today’s coalescence of physiology and psvehologs 
justifies the search fora principle for evaluating the senses which will appls 
equally to their psychological and somatic aspects. Here Gestalt Psvehology, 
dealing as it does with the concept of structure in physical objects as well as 
in perceptual phenomena, supphes a key to the problem, 

\ccording to \Werthemer and Kohler, gestalten are “sepregated wholes” 
structured by self distribution regulation of forces and material 
the basis of physteal data alone, Kohler had distinguished between “strong” 
and “weak” gestalten. “Phis distinction will be elaborated and apphed more 
yenerally in the following paragraphs. 

strony pestalt, the confipurating forees are well integrated and 
Clearly determined space. Thus the gestalt itself as stable, 
sharply delineated, dynamic pattern that resists pressures from) without. 
Isat “positive fipure set off frome the ground Rubia. 
can be transposed such away that the relations within the gestalt: renmiai 
unchanged. strong gestalt is a dimensionally defined or spatial structure 

In oa weak pestalt, the conmfyurating forees offer resistance to 
pressures trom: without. weak gestalt is unstable, fluctuating i structure, 
and tends to blend with the ground. Therefore cannot be tully extracted 
surroundings. weak gestalt derives its mieanmne from the total 
fivure ground situation of the moment. Because of the vagueness of its 
spatial delineations, a weak gestalt may be called “pre spatial” 

Phere are any gradations of strong and weak gestalten. The more 
lughily differentiated a gestalt, the stronger must be its coherent forees. 
other words, a dugh degree of spatial differentiation midieates great strength 
of the confgurating torees 

When at comes te perceptual vestalten, however, one mist take tite 
consideration their ply sito psvehologieal nature. Gestalt Psvehology. hav 
oniginated ehissieal pliysies. treats perceptual gestalten as thes 
isolated pliv chitities, clang that “the forms of EN | 
Identical stroeture wath the underlying physteal gestalten the ners 

a pereeptucal stilt depends largely on the over-all | 
ot thie percenving system OF necessity, the concept ot 
ob perception as te Gestalt Psvehology, ass therefore thre 

the senses. at as met by chanee that thi 

dealt wath the high senses, taste and smell 

gestalt, the configurating forees are 
distributing those pereeptnal gestalt are not. perceptual gest 


heard melody. a viewed 1 art ob a larger While thie perce 
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mndividual The conmgurating forces arise outside the pertinent sensory 
sector of the bram and are supphed. as this writer has mdicated elsewhere, 
by the medividual’s baste tonus apparatus and its specialized branches Pet 
ceptions are the result of enther massive or specialized “sensorimotor svuer- 
gies words, “perceptions are bach perception is) beth 
and expression of the meivaidual 

Phe itegration of sensory and moter processes im perception has been 
demonstrated by this writer im experiments on frogs and toads, monkeys 
iwhere VUstatory depended on dnitactness of the sensory as well as 
motor cortical areas), and oon bramomyured and ermal human 
That perceptual processes are ditimately bound up wath the given personal 
Wy Was shown in other experiments this writer conducted together with 
Wo Jaenseloat the Ciiversity of Berlin vears ago. Contrary te the elasstea! 


gestalt concept, our findings at the time revealed that the kind of perceptual 


Wats dependent Upon the poe ol the 


subject. 
Strong percepttiud gestalten appear relatively late an cand 
genesis, marking: a turning pomt mental development. Tideed, it rs 
! 
i 


the strong perceptual gestalten, with ther transposable 


constaney and tendeney te Pregnance hence largely ot the 


thinking. artistie 


Generally speaking. normal perception predicated upon two 
first, the avaiable pli ical olyeet regardle soot whether or mot they sare 
vestalten thenaselves: seconddy, that within the 
Which as eapable or transiting the ane spatial order ot thease 

Mite a perceptual gestalt 


} 


cothied words, the Jevel ata perceptual perth comeditien 


order the external ol comple thre 


relat 


differentiated thea perceptual gestalt 


ert tree 


shite thax 


| 
~t] Cane cline threat 
are eplttal vestalter 
be ela as the patial line that 

onl weal eestalten are the lote or pre Sede 
die prohlen of wl ome senses a the adult bere 
lide others dave reached a stage ot cle cloprier extenel 
beyond the contines of Gestalt Psyveholoy elementary that each sense 
! to dts own external agent saith the sense ob smell re te 
hoor ter 4 ‘ thie { te rel 
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Hot to tastes, ete, Yet atas not the qualities of these ayents that determine 
the level of organization of a sense, but their spatial relations. 

Vision, for example, is not a high sense because it responds to colors, but 
rather because itis organized im such a way as to be capable of cogmtion of 
the Inghly differentiated patterns available in the visual field) The corre 
sponding is troe for the tactile sense, and also for audition where “qtasi- 
spatial” structures are provided by the frequencies of acoustic waves, 

Only by reparding a sense asa plastic sensorimotor organization can one 
understand why the spatial order of external objects has such a decided 
iifluence upon the level of development of a sense. Indeed, far from bemyg 
“a sepregated whole” a sense, hike any biological system, is open to the 
outer world and can only exist by continually recenving energies and miate- 


nal ats environment Clood and adequate stimuli), assimilating then, 


and paving off products of ats own. Consequently, the morphological 


functional structure of a sense is the product of continual fusion of its 
inherent energies and maternal with those of its environment, 

The formative role of the environment in regard to the whole organism 
has been stressed by S. Heeht:° the cnvironment adapts the organism 
statement as equally valid for any diving part, including the 
senses. Theaddition to the environment shared by all the organs of the body, 
each setise has its own special external enviroument in the forme ot adequate 
sensory stimuli. Thus stimuli the form oof light waves for vision, of 
acoustic waves for audition, not only ifluence the of the 
ensory system. but help shape ats sensorineter organization, by 
excitation and inhibition 

Where the outer environment ts structurally primitive, as with plivsiea! 
odors, warmth or cold, the sense cannot mature bevond the low devel of 
these weak gestalten, Only where the external environment well artieu 
lated. as with optic, acoustic, and tactile objects, can the sense reach a high 
level ot development 

In the course of evolution, perception starts with weak gestalten all 
the senses. Gradually, along with the emergence of more specialized struc 
tures the nervous system, more and more differentiated and mteyrated 
perceptual gestalten become possthle the high senses. however 
their low sensory tinetions as well. For mstanee, perception of 
and dark in vision and noises in audition are low sensory funetrons of high 
senses. Both and low sensory funetions are vital te the beime 
with the sensory tunetions serving Ins cogimitton of the outer world 
and the low ones largely his autonome needs 

Tow sense is characterized anatomically by a poorly organized senser 


motor wath a relatively dittiuse reception area mi the cerebral cortes 


ie e 
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and a close connection with the autonome nervous svstent ) 
Physiologically, a low sense can give rise only to weak configurating forees 
Which are helpful in miaantamimy the internal environment. Psvehologiealls 
a low sense can develop only weak perceptual gestalten, not clearly 
separated frome emotion 

and taste are among the low senses. Taste, however, bemyp 
closely related to the tactile sense, does have a svnapsts i the thalanrs 
apticus.” also closely connected with the digestive system and plas an 
portant role dn nutrition, Phe ability to locate gustatory is rather 
poor, as is its capacity, 

QOlfaction, being largely concerned with visceromotor aetivity, is on an 
even lower level of development than taste. The sense of smell is repre 
sented in the most ancient part of the human bram and its connection with 
the thalamus, any. is extremely tenuous, its sensorinoter apparatus poor 
Hence there is no ability to pereenve highly differentiated (spatial) pestal- 
ten! Actually, the location of odors can only be gauged by their mtensity 

In accordance with the definition of weak gestalten, olfactory precepts are 
unstable, with little objective value, open to suggestion, and part and parcel 
of the total situation of the moment, Qdors derive their meanimy for the 
individual chiefly from a particular situation or activity in which they once 
plaved a role. 

Thus, in tests conducted by this writer, odors were deseribed by children 
as well as adults in “concrete” terms, such as: a rose.” “it has some 
thing to do with a pharmacy.” “hke the soap we use at home,” ete. Clearly, 


in olfaction, personal affective experience outweighs the cognitive respotise 


N high sense is characterized anatonucally by a well-structured sensory 
system with a relay station in the thalamus opticus percerving: space 
and time), a sharply detined cortical reception area, and a highly differen 
tated specific tonus apparatus which supphes the dynannes tor the pertinent 
strong perceptual gestalten. Physiologically, at has the ability. to penerate 
strong as well as weak contigurating forces. Psychologically, able te 
develop strong as wellas weak perceptual yestalten. Pathologieally agnosis 
Is only in the realm of high senses. The senses to this 
description are vision, audition, and touch Cwhich os a composite of several 
subsidiary funetions 


all the senses, vision plays the most important role mian’s 
tion, Moreover, vivid optie activity has been found by this woriter te 
even in total darkness (Uidueed hallucinations” response to nen 
adequate stimu that merease the body tons, such as the taste of 


ultravielet rays on the shin, or abrupt miiscle contraction! 
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Audition, by making speech and music possible, contributes immeasur 


ably to the interhuman relationship. The tactile sense, of course, supplies 


strong perceptual gestalten of its own. Particularly striking is the integra 
tion of tactile sensation and movement, 

Itas through man’s high senses that he is able to perceive the world in 
terms of space and time. For this level of perception, the individual's frame 
of reference is supplied by the specialized branches of his tonus apparatus, 
Since all human bemys are equipped with the motorium guaranteeing 
space time perception, they are all capable of strong perceptual gestalten. 

In this way the high senses make possible the sharing of perceptual 
gestalten with other individuals. [tas this common experience of transpos- 
able gestalten that provides the means for thinking, and leads to commun 
cation of ideas. Thus itmay be said that the ability of the high senses to 
perceive spatial relations is the fountambhead of cultural progress. 

To sum up, different senses im the adult human being are on different 
levels of organization. These differences depend partly on internal factors in 
the individual, partly on the formative influence exerted by the spatial 
arrangement of the external objects to which the particular sense is attuned, 
Only highly orgamzed sensory systems can convey perception of well 
differentiated objects; only well-differentiated objects can provoke the 
development of lughly organized sensory systems. 

The high senses of vision, audition, and touch are the spatial senses; the 
low senses, such as taste and olfaetion, are preespatial. Phus the senses 
may be classified anatonucally, physiologically, and psychologically accord 
ing to ther capacity for spatial perception, 

Phis writer is indebted Professors Lashley and George Gaylord Simpson 


for their constructive criticism in formutating this paper, and to Henrietta Gilden for 
the editing. 
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STEREOTAXIC IMPLANTATION OF CALIBRATED Pd''’ AND SPHERES: 
A TECHNIQUE FOR PRODUCING PREDICTABLE SUBCORTICAL LESIONS IN 
THE BRAINS OF LABORATORY ANIMALS| 


When Horsley and Clarke’ introduced their stereotasie manipulator im 
all subcortical areas in the brams of laboratory animals theoretically 
became accessible for study. As a consequence, many valuable data have 
heen obtained from stimulation and ablation studies. The potential of the 
technique for ablation study has been limited for want of a necrotizing agent 
that would yradually destroy a predictable volume of tissue. 1952, 
Carpenter and Whittier’ reviewed the work of others and demonstrated that 
stereotasically implanted radon seeds create a more diserete lesion than any 
of the chemical, electrolytic, mechanical, or thermal methods, 

Others had explored the possibility of utilizing radium emanations, but 
never perfected it as an adjunct for stereotaxic surgery. Edwards and 


Bagy. in 1923, were probably the first to demonstrate that) subcorticalls 
placed radon caused localized destruction with minimal disturbance of 


contiguous and overlying structures. They used a free-hand appleator tor 
placement. Stem and Peterson,” after stereotaxic implantation of a radon 
seed in the mesencephalon of a rhesus monkey, suggested in 1950 that this 
methodology might prove to be a useful adjunct to neurophysiological 
research and, eventually, to clinical neurosurgery. In 1951, Borison and 
Wang’ destroyed the vomiting center of the dog by freeshand placement of 
radon seeds in the medulla oblongata. Their study was the first to demon 
strate a correlation between radiation strength and lesion size in the central 
nervous system. These authors also pomted out that the gradual develop 


ment of necrosis resulting from: the radiation effect had a distinet advantage 


bormerly Research A\ssistantan Neurological Surgery Present address \natomisk 
Tnstitutt, Oslo, Norway 

Assistant Protessor of Neurological Surgery 

Aided by grants from the Veterans Administration (Contract gV 3203), beh 
and Company, and the James Foundation 

This technique could not have been developed without the constant advice and 
techimeal assistance rendered by colleagues, too numerous to name mdividually, whe 
are members of the staff or the Radiological Research Laboratory at the College ot 
Physicians and Surgeons 
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When experimentation mveolved a sensitive area, Carns and im P30 
were the first deliberately to utihze this characteristic of radon, when 
studying the effect of gradual destruction of the spinal cord 

Ieneouraged by the findings of others, experimentation was undertaken 
with stereotasteally implanted radon seeds, only to be abandoned because of 
several inherent disadvantages. Bulk proved te be a distinet: hinderance 
When multiple placements were required, and the necessity of having to 


work with a@ certian percentage of gamma radiation was another 


MATERIALS AND METHODS 


Work was then undertaken with artificially produced radioactive 
which were sources of beta rays. Emplovinent of these substances assured a 
reduction in volume of the maplant and provided the additional advantage 
in oselection of half life. as well as maximum energy of the beta particles 
emitted, 


Palladium-109 and) Yttrium-90, sources of beta radiation, were tested at this 
point. Pa" has a relatively short half Ite. 13.) hours, contrast to that of 254 
days The maximum energy of the beta particles of the former is 095 mev compared 
with 278 mev for the latter. In the case of both isotopes, radiation strength drops off 
rapidly cnough to permit permanent placement of solid spheres ot either wotope “Phas 
geometric form was selected tor ease of handling in apparatus, as was a diameter of 
O86 because it permits tree passape through thin walled, $18, steel tubing 
Spheres were implanted under aseptic conditions with full anesthesia, imtravenous 
Nembutal, 20 to 30 of body wemht. The needle which carried the sphere to 
the calculated site in the brain was clamped to the electrode carrier of a stereotaxs 
manipulator, Cit as a dinnnutive adaptation of a climeal radon appheator and as 
operated as such) fuller description and the details of operation of this and other 
apparatus used am the techmaue are available in another communication Tt may be 
appropriate at this pomt to state that the exposure of the operating personnel rm well 


below the permissible limat, based on repeated monitoring 


when inert, as the noble metal palladium. Sold spheres wath ao 
dhameter are casily made ai the laboratory by fusing accurately measured lenyths of 
palladium ware ceramie crucible by mieans ot an pas coxvpen fame, 
Yttrium, aorare earth, gs mamtamed an a solid beta quartz sphere da. which 
prevents leachinp of the and aonevlipible tissue reacthon when imert 


peometrical and plivsteal state are obtumed bys proce lescribed by 


Ganell* and Doermp” this consists of ao of 


and by weight, at a temperature op Ment 


Phe authors are partroularty pratetul tor the personal etfort ot 


Ganell of the Brookhaven National Laboratory ai deve the tec tor 
cating the \ sphere and te Head ot the Phot Opera 
tions Division, Brookhaven National Laboratory, for tame taciitres 
available for this portion of the projet 
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morilonite is composed of chemical elements with such short halt lives that 
remams the only effective radioactive constituent an hour atter removal ot a sphere 
irom the reactor, Prior to activation in the reactor, all spheres are tested tor size and 
weight, and then run through the apparatus employed an sorting, calibrating, and 


Hnplanting them when radioactive. This is done to prevent jammiune 


Pig. 1. Photographic enlargement of a group of ceramic spheres containing yttrium. 
(Reprinted by courtesy of the Atomic Energy Commission, trom the Brookhaven 
National Laboratory Bulletin 341 [P-60], 1955.) 


LESIONS 


The lesions which result from implantation of the sources of beta radia- 
tion deseribed above are spherical and discrete by gross examination (bags. 
2 and 3). 400 to 700 po zone of irregular transition from) necrotic. to 
normal cells surrounds the area of absolute destruction. Histological study 
of this peruneter shows the astrocytes are most sensitive to radiation, nest 
the nucrogha, then the neurons, and oliyodendrogha. The blood vessels and 


myelin are the most resistant. The irregularity of transition is mianitested 


by the presence of normal appearing neurons, myelin sheathes, and capil 


aries within TO the area of Hquetied cellular breakdown, while frag 
mented neurons are found 600 ta 700 pout trom this pomt. Gatter cells are 
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plentiful in the liquefied area of destruction, but not in the transition: zone, 


Polymorphonuclear leucocytes are not seen many portion of the lesion after 


the first five days, but are seen in the needle tract until healed. No explana 


thon of this schedule is readily available, nor for the unpredictably normal 


20 photographic enlargement showing extent of radioneerosis days 
atter stereotaxic implantation of Yo" source, approximately O5 me. an strength. an 
septum pellucidum. Fanpty space in septum was the site of amplant 


appearance of certam neurons, mivelin sheathes, and capillaries zones 
Where the majority are necrotic or monbund. These findings were obtamed 
trom a study of single lesions made in the head of the caudate nucleus, the 
opposite side serving as a control Variation ot the radiation strength of 
the sources implanted in this area, as well as the time of sacrifice, provided 
data concermmy volume of tissue destraved by known amounts of radiation 


and also showed the gradual necrotizing effect of beta radiation 
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Micrometry after histological preparation was employed at first in deter 
miming lesion volume. This method was discontinued because of difficulty in 
accounting for shrinkage. Supravital staining and photographic recording 


(ea 
SAL Mahon stain, x220. Photomicrograph to show abrupt line between normal 
and abnormal myehn the corpus callosum in the superior left portion of the lesion 


lustrated in bapure 2. 


and stam, x2200 Photomicrograph to show in greater detail the changes in 
the upper Jett margin ot the lesion alustrated in bagure 2 


proved to be more reliable methods for determining gross lesion diameter, 
This was accomplished by administering ml Evans blie dve 


by the intravenous route three hours prior to sacrifice. Dis 


* This chemical was generously made available by Warner Lambert: Pharmaceutical 
Company, 113 West T8th Street, New York City 
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tortion of the bram was muminuzed by pertusing the vascular system: via the 
left cardiac ventricle with 300 ml of a solution contamimy TOC) formalin, 
sodium chloride, and gum acacia under a pressure of 120 min 
ofmercury. Both procedures were carried out under full imtravenous Nem 
butal anesthesia, addition to outhning the area ot absolute necrosis, 
supravital staming revealed a surrounding area where the imtegrity of the 
blood brain barrier is temporarily mterrupted. The transition trom: absolute 
necrosis to muninal change was well revealed by this method. The degree 
of stumimy by the dve dimiushed with distance from the source. Changes 
in the astroevtes corroborated this gross colorimetric determination. 

The most important factors that determine Jeston volume are: source 
strength, energy of the beta ray, half lite, and self-absorption of radiation 
within the source. The masimum diameter of tissue destruction wall ulti 
mately depend upon the energy of the particular beta ray emploved. Plow 
ever, within these limits the volume of the leston can be adjusted by varying 
the strength of the source. Since each type of cell has a level of resistance 
to radiation, the lesion will inerease according to the dose rate. This, im 
turn, is dependent upon the strength of the source and ats halt lite. Selt 
absorption of radiation within the source is definitely a factor, The Tow 
specitie gravity of the ceramie matrix of the Y" spheres raises the etherenes 
of delivery of the total dose, whereas mi the more dense metalhe [dt 
sphere, much of the total beta radiation is restramed within the source. 

Data obtamed trom research wath sold Pale" spheres of approximately 
identical radiation strength dlustrate Chip. FAL Bo the pradual 
development of the lesion to ats diameter on the tourth day, and 
its status in the fourth week when perpheral edema has sub 
sided and healing and repair are evident. The first three pretures can be 
castly reconciled as recording the effeet of mereasmng numbers of 
hours of radiation. These photographs mdieate that no reliable correlation 
can be made between an anatomneal created by this method and 


resultant phystological changes until the third postoperative week, becatse 


obedema within the area ot absolute neerosis and ats dmimechate periphers 


However, this method of tissue destruction dias a distiner advantage over 
others that the lesion develops slowly fm this way the organi can 


Withstand a preater assault 


EVALUATION OF THE MEE 
calibration of the radioneeratie potential ot 


was tested Haste of beth 


1 
the ot the 
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various subcortical centers. These were the following: head of the caudate 
nucleus; septum pellucidum ; “preoptic region” as defined by Heath,’ viz. 
“rostrally from the region of the anterior commissure about 5 mm. and 
laterally into the ventromedian aspect of the caudate nucleus”; and the last 


ig. 4. Supravital stain, Evans blue dye (W761-1). Photographs of identical 
magnification, showimg the status of lesions in the caudate nuclei of cats at different 
intervals after implantation of Pd’ spheres of approximate radiation strength. Sacri- 
fice time: A, TL hours; B, 24 hours; ©, 4 days, at which time the lesion has reached 
ao maximum diameter which is maimtamed for approximately 10 days; 24 days 
Note the reduction in deposition of the dye peripheral to the lesion and enlargement of 
the ventricle which as compensatory for resultant tissue loss in the caudate nucleus. 
(By permission of the publisher of the Journal of Comparative Neurology, trom Ret 


press.) 


two areas im combination, Animals survived these lesions satistactorily, 
unless the swelling: was of suffierent degree to ocelude the foramina of 
Munro and cause an overwhelming ierease of iitracramial pressure. 
postmortem vertheation of this was marked ventricular enlargement caudal 
to the area of edema. amimals in a series of forty three succumbed 
from this cause. Death under these circumstances occurred on the third to 
sixth dav, when the Jeston was reaching ats masini dimension. Phe -ig 


mihcance of minor changes the serum sodium and potassium levels comer 


dent with these lesions is discussed im another commiumieation per 
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tinent, however, to mention that when over 507 of the volume of both 
caudate nucle was destroyed, the only deviation from the physiological 
norm Was anorexia to a degree necessitating gavage for the first four post- 


Fig. 5. Supravital stain, as above Photographs of lestons caused by implantation of 
one YO sphere, approximately O4 me in strength, an the septum: pellucidum, an 
the middle of the area specified by Heath, Bo Sacrificed on the 22d day and 21st day 
post implant, respectively pertusston of the publisher ot the Pournal of Compara 


tive Neurology, trom: Ret 2, press) 


operative weeks. Brom then sacrifice in the sixth week, the animals ate 
satisfactorily, sion invelvingy the preoptic area its defined 
(hig. SAN). or one whieh aneluded the septum pellucidum, anterior com 
missure, and descending portion of the fornix, as alastrated im 
did not cause a detectable neurological or behavioral change. These lesion 


with an appro imate diameter of 7.3 mim, resulted trom: single 
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with an approximate strength of O4 me. each. It is of interest that these 
particular animals and others with similar lesions did not show the loss of 
affect, hypokinesia, and other profound disturbances reported by Heath, 
Possibly the diserete character of the lesion and its gradual development 
accounts for the difference. 


CONCLUSION 


It is to be concluded that Pd! and when employed in the method 
deseribed above, are useful sources of beta radiation for the creation of 
quantitated, histologically standardized subcortical lesions. Y"", which emits 
a stronger type of beta radiation and has a longer half lite, appears to be 
the isotope of choice for stereotaxic neurosurgery. These characteristics 
inake it particularly useful because it can be shipped to laboratories situated 
ata distance from an atonue pile without great loss of radiation strength. 


These laboratory data have been sufficiently convinemg to permit: prepara 


tion for climeal employment of the technique. 
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ACTIVITY OF KNEE JOINT PROPRIOCEPTORS RECORDED FROM 
THE POSTERIOR ARTICULAR NERVE} 


In recent years it has become possible for the first time to support the term 
“jomnt sense” with scientific evidence which proves that such a mechanism 
actually does exist. In 1944 Gardner” presented a thorough investigation of 
the innervation of the knee joint in eats and deseribed the various types of 
sensory endings which are found in the capsule. He concluded that) the 
Ruffini type endings appear to be derived from the posterior and medial 
articular nerves which are branches of the tibial and femoral nerves respec 
tively. Andrew and Dodt’ recorded firing from the medial articular nerve in 
response to joint movement, and others’ '" have reported firing from: the 
posterior articular nerve of the cat in response to knee jomt movements. 
The chief difference between the activity of medial nerve proprioceptors’ as 
compared with posterior nerve proprioceptors’ was that the former seemed 
uniformly to be slow adapting type receptors which fired only during eriti 
cal joint angles, while the latter appeared to fall into a fast adapting type, 
which fired only during point movement, and a slow adapting type. which 


usually fired at most angles measured. This difference may conceivably have 


been the result of the restrictions imposed by the experimental method of 
tovd and Roberts, since itis apparent that they could only move the jout 
through roughly one-third of its normal range. 


The purpose of the investigation deseribed below was to determine the 
activity of posterior nerve proprioceptors during the full physiological 
range of flexion extension movements, 


MELHOD 


Cats were decerebrated by a id collreular An was the 
posterior surface of one ot the hind usually the lett, and the popliteal tat pad 


was removed The heads of the gastrocnemius were separated to expose the tibral 


\ssistant Protessor 


+ This investigation was supported am part by a research grant ono. from the 
National Tnstitute of Neurolopacal Diseases and National 
Health. Pubhe Health Service. Dethesda, 
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nerve, The tibial nerve was sectioned and dissected free in the direction of the pop 


liteal fossa until the postertor articular branch was identified. The posterior articular 
nerve was cleared of fascia tor a length of approximately 3 em. Special electrodes 
which have been previously described’ were placed upon the articular nerve and the 
wound was closed. 


1. Experimental arrangement. A drive shaft; B--rotating blade; —-rod 
attaching rotating blade to leg of cat; 1) potentiometer attached to drive shatt; fe 
ground wire; wires from ome electrodes. 


\ few experiments were also done in which the tibial nerve was se tioned above 
the pomt where the posterior articular nerve branches, thus producing an isolated 
articular nerve connected only to its sensory receptors in the capsule of the knee jor 

Phe ammal was strapped ina rigid frame so thatat was an a normal upright posture 
with its four feet just touching the table Chap. few of the orremal experiments 
hone drills were placed in both heads of the femur and were then clamped to the rigad 


frame to ammobilize the femur. This was subsequently found to be unnecessary since 
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the method of strapping the ammal to the frame was suthcient to hold the femur 
immobile. 

The joint rotating device consisted of a television antenna rotor* plus a series of 
shafts and gears (lig. 1). When the shaft rotated, the animal's leg was moved and a 
corresponding rotation within the knee joint resulted. Any desired amount of rotation 
was produced by remote control with the rotor control box. The rate of joint rotation 
was varied by changing gears. The tinal drive shatt was also connected to a potents- 
ometer (Pig. 1, D) which was in turn connected to channel Boot a dual beam 
oscilloscope to obtain a record of joint position and movement 

The recording electrodes from the posterior articular nerve were connected to 
preamplifiers which led to channel A ot the oscilloscope. Records of articular nerve 
firing at any given joint angle or during any given jomt movement were viewed on 
the CRT and permanent records were made with a moving film camera. 

Occasionally procaine hydrochloride was apphed to the posterior articular nerve 
between the joint capsule and the recording electrodes to reduce the number of active 
receptor fibers and thus to enhance the possibility of obtaiming single receptor records 
It was frequently unnecessary, however, to use procaine since single receptors could 
easily be picked out of the record obtained from the intact posterior articular nerve. 

At the completion of an experiment the posterior articular nerve was either sectioned 
between the knee jomt and the recording electrodes or this region was soaked with 
1% procaine. The joint was then moved through its tull range as a control experiment 
to see if all firing in response to joint movement was abolished 


RESULES 


Joint movements were started from a position of physiological 
extension and proceeded, by progressively flexing the leg agaist the thigh, 
toa position of maximum flexion. In the ten cats which were investigated 
not only did firing appear at the intermediate jot positions as has already 
been reported,’ * but tiring also occurred beyond both ends of the inter 
mediate range. In fact, proprioceptive activity was oftentimes most mtense 
at the extremes of the flesion-extension range of the knee jomt, as measured 
by both the number of active proprioceptors and the rate at which they were 
firing. 

Alb angles of the knee jomt were effective in cheiting firing frome at least 


some of the proprioceptors. When total absence of tirmy was occasionally 


encountered ina preparation at certam angles, firing was subsequently 


induced at those angles by strongly stimulating the receptors with a series 
of repeated rapid movements of the jomnt, or by shifting the position of the 
recording electrodes. There is no angle of the knee jomt, therefore, which ts 
totally incapable of stimulating any of the proprioceptors, 

An analysis of the tiring pattern of single proprioceptors demon- 
strated that the typical receptor fired only during a specific range of jomt 


* Alhance Tenna Rotor, Model T-10 
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movement (Fig. 2). Each receptor responded to a different range of jomt 


movements and, although there was 


hic. 2. Firing of different proprioceptors 
as the knee is rotated from a position of 70 
degrees (lower photograph) to maximum 
flexion at 30 degrees (upper photograph). 


considerable overlap in some of the 
ranges, no two receptors mded 
exactly alike. [tis not possible to 
arrive at a figure to represent the 
average amount of joint movement 
during which a receptor tired be- 
indi- 
vidual variation, One of the recep- 


cause there was too much 
tors recorded, for example, was ac- 
of 
joint movement, while another re- 
ceptor the 


fired during a range of 6.5 


tive only during a range of 3 


in same preparation 


The angle at which a receptor started to respond and the angle at which 
it ceased were usually very precise and consistent. The exact angle at which 


a receptor started to fire and that 
at which it stopped also depended 
on the direction of the movement. 
3 shows a receptor whose 
threshold at one end of its sensitiv- 
ity range was investigated. The 
threshold 
54.5° during a flexion movement 
but it was 56 


angle was repeatedly 
during an extension 
movement. This was typical of all 
receptors studied. 

Once a receptor started fire 
during a joint movement its fre 
quency increased as the movement 
continued until a maximum for the 
prevailing conditions was reached, 
after which the rate decreased un- 
til oat) ceased entirely the jomnt 
was moved beyond the sensitivity 
the +). 


such evidence it was quite clear 


of receptor (hag 
that the typreal receptor not only 


had 


movement butat also had a pomt ofa 


osensitivity. range for 


Fic. 3. Determination of the knee angle 
which is threshold for a given) propriogcep- 
tor, The threshold which was investigated 
was at the flexion end of the activity range 
of the proprioceptor. Upper photograph 
receptor starts firing at a jomt angle of 56 
degrees during an extension movement and 
ceases tiring at 54.5 degrees as the leg as 
flexed again. Middle photograph receptor 
stops firing at 54.5 degrees during flexion 
and starts apain at 560 degrees during ex 
tension. Lower photograph receptor starts 
firing at 56 deprees during extension. The 
threshold values are very consistent and the 
flexion and extension thresholds are always 
different 


Sensitivity within this range 


Phe rate at whieh a receptor fires is determined by other factors besides 
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the particular angle of the knee joint. A fast rate of movement produced a 

generally higher rate of firing than a slow movement, and joint movement 

was usually a more effective stimu- 

Jus than joint. stasis Coriginally 

reported by Boyd and Roberts’). 
The amount of receptor adapta- 

tion depended greatly upon the 

angle at which the joint was im 

mobilized. Tf the joint movencnt 

was stopped just beyond the angle Fic. 4. Response of a knee joint proprie- 

ceptor throughout its activity range. Lower 

photograph as extension proceeds the re- 

adaptation Was more pronounced ceptor is activated, its frequency imereases 


and then in the upper photograph the tirmyg 
rate decreases until its ceases entirely, 


at which a receptor started to fire, 


and sometimes the receptor would 
stop firing entirely. Tf a 
Was stopped at an angle which was near the maximum sensitivity angle 
for a receptor, that receptor showed little adaptation. The joint: proprio 
ceptors were generally characterized by slow adaptation. At no time im 
any of these investigations was a receptor discovered which could be classi 
fied as a special fast adapting type receptor, always adapting quickly to 
zero When the joint movement ceased, 

Occasionally, during small movements of the knee joint, a joint receptor 
responded as if it were specialized to receive only one type of movement 
since it fired when the joint was moved in one direction through a certain 
angle but it did not respond when the joint was moved in the opposite 
direction through the same angle. Such results were not consistent, how 
ever, and in all such cases repeated examinations always showed that the 


particular receptor was capable of responding to both types of movement 


DISCUSSION 
The data of Boyd and Roberts! give an impression of almost constant 
firing from: jomt proprioceptors, since in some cases proprioceptors tired 


at all jomnt angles which the mvestigators could: produce, while 


mother cases only one threshold angle was reported. The data presented 


here, however, show that all cases a receptor fired only duringe a rela 
tively stnall range of the total fleston extension range of the port. Phe rest 
af the time the receptor was silent. Apparently the data of Boyd and 
Koberts reflect only a portion of the total activity range of a propricceptor, 
dune to the restrictions of movernent imposed by ther experimental 


arrangement. The data reported here are in agreement wath those 
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obtained by Andrew and Dodt when they recorded the activity of joint 
proprioceptors from the medial articular nerve. 

At no time was a special fast adapting type receptor obtained which fired 
only mm response to movement. Such receptors have been deseribed,’ al 
though they represented only about 54% of all the proprioceptors recorded 
from the knee jomt. Since the fast type receptor is rare, it is possible that 
purely chance none was recorded from) during the investigations 
reported in this paper. [tt may also be possible, however, that the fast adapt- 
ing type response which has been described’ was merely the response of a 
typical slow adapting proprioceptor which was receiving a very weak stimu- 
lus, such as that which might prevail when the joint is at an angle close to 
either of the threshold angles for that receptor. Andrew and Dodt have 
reported that when a stimulus was so weak that a receptor fired at less than 
10 impulses per second, the firing soon ceased entirely” Data reported here 
show that an ordinarily slow adapting receptor will occasionally show fast 
adaptation if the joint is stopped at a position which is just) within the 
response range of a proprioceptor, 

The receptors do not appear to be specialized to receive different types of 
movement, Certainly in regard to flexion-extension type movements a typi- 
cal receptor responds to both. The fact that the precise threshold angles of 
a receptor are slightly different for flexion movements than they are for 
extension movements is probably due to the fact that the proprioceptors 
are situated in the joint capsule.” “Thus they cannot be stimulated directly 
by the articulating surfaces but must rely for their stimulus upon the par 
ticular strains and stresses which develop in various parts of the capsule at 
each position of the joint. Ttas not difficult to conceive in such an arrange- 
ment that a certain type of joint movement produces a particular amount of 
deformation within a given receptor, while another type of movement 
through the same angle produces a shghtly different amount of deformation 
within the same receptor, and thus the response of the receptor would be 
slightly different in both cases. Ina study of joint: proprioceptors the 
epiglottis, Andrew! concluded that there is only one type of joint proprio- 
ceptor but itis mounted on tissues which are differentially stretched and, 
consequently, some receptors fire during flexion only and others are acti 
vated by extension only. This is a good example of the type’of mechanism 
Which has been suggested above for knee joint: proprioceptors to explam 
the differences in flexton-extension thresholds. Phis can also explam the 
apparent: preference for one special type of movement which some knee 


proprioceptors exhibit, as reported by Boyd and Roberts. 
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It is quite possible, then, that only one type of proprioceptor exists in the 


knee jomt of cats, and that its prineipal characteristics are slow adaptation, 
firing im response to a lnuted range of point angles, and activation by any 
type of jomnt movement or position which can effectively distort the area of 
the capsule which the proprioceptor is situated, 


SUMMARY 


The of the knee jomnt proprioceptors was recorded from the 
posterior articular nerve im decerebrate cats in response to the full pliysie 
logaeal range of flexton-extension type movements of the Phe cat was 
held in a normal standing position and nerve activity. was recorded with 
specially insulated an vivo electrodes. 

Proprioceptive firing occurred at all angles of the knee jomt. 

Any individual proprioceptor had only a limited range of knee jot 
angles during which it fired. 

The threshold angles for tiring were quite precise and accurate for each 
propricceptor investigated. 

Onee a proprioceptor was activated during a jomt movement, its rate of 
firing usually increased until the jomt reached a point of maximum sensi- 
tivity for that receptor, after which frequency usually decreased until it 
ceased entirely as the joint was moved beyond the sensitivity range of the 
receptor, 

Static position of the joint at an angle which was within the sensitivity 
range of a receptor usually revealed very slow adaptation of the receptor, 
It the static angle was near either of the threshold angles for the receptor, 
adaptation was very rapid, 

Threshold angles for a receptor were different depending on whether 
Heston or extension was No evidence was obtamed whieh 
midicated that special receptors existed for flexion or for extension. 

It was suggested that there ts one type of proprioceptor in the knee jort 
of eatand that activation of any given proprioceptor can be achieved when 
sufficient stress occurs im the area of the capsule im which the receptor is 
situated the amount of stress at any instant depending on the particular 


angle of the jornt and the direction, any. aim which the leg is moved 
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ELECTRICAL ACTIVITY AFTER STIMULATION AND ELECTROCOAGULATION 
OF THE HUMAN FRONTAL LOBES 


duis Salmon Leetures in 1950, Fulton” suggested that radieal lobotomy 
should be abandoned in favor of more restricted lesions in the medioventral 
quadrant of the frontal lobe. Delyado Rosvold’ and) Rosvold and 
Delgado” have shown that frontal lobe syndrome i the monkey may be 
produced by electrical stimulation or cleetrocoagulation of small areas im the 
head of the caudate nucleus, a structure whieh as within the limits of the 
medioventral quadrant of the frontal lobes 

\s a form oof therapy for human patients we have pertormed electra 
coagulation of certam pots a the frontal lobes whieh were selected after 
functional exploration by means of electrodes implanted within the brain 
fora period of several days. discussion of the preceding work annals’ 
and oof the techmaue™ has been published clewhere Lmiplanted electrode 
techniques in human patients have also been used by Brazier. etal Heath. 
and Sem Jacobsen, 


In this paper we subnot mtormation concernmy electrical activity observed 


in the frontal lobes of mine patients atter electrical stumtation and eleetre 


Ivtie destruction of selected pomts im these lobes 


MATERIAL AND METHODS 


live cases of schizophrenia, three of mitractable and one ot anxiety 
vere studied Lobotomy had been recommended for these puatients and- electrodes were 
Woiplanted as a preliminary procedure all ot them: and as alternative treatment 
even. The electrodes remained in the brain for the minimum: time dor 


functional exploration and electrocoapulation Phe average tine was two and halt 
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days; one case required four days; in another patient, operated upon under local 
anesthesia, 24 hours proved sufficient. In five patients, two multilead needle electrodes 
were placed in each side of the frontal lobes in the coronal-sphenoidal plane, 2. em. 
anterior to the coronal suture. In the other four, one needle electrode was similarly 
placed in each frontal lobe, and one plate electrode was shipped below the dura over 
each side of premotor and motor cortex, providing a total of 24 leads. Additional data 
concerning this group of patients and information on spontaneous electrical activity 
will be published elsewhere.’ 

The needle electrodes were made of seven silver wires of graduated length, 0.1 mim 
in diameter, insulated with Teflon. Four mm. of insulation were scraped from the tip 
of each of the seven wires; these contacts were spaced X mm. apart. The leads were 
cemented together with plexiglas and soldered to a submimiature seven-pin socket. to 
form an electrode about O5 mmo diameter. The plate electrodes were of similar 
delicate construction, the contacts being tiny balls on the ends of the silver wires which 
were encased in To omill gauge polyethylene sheet. Additional technical details may be 
found in a previous publication.” Needle and plate electrodes were placed in the brain 
through 2 om. burr holes, with the patient under Pentothal-nitrous oxide general 
anesthesia, In one case a local anesthesia was used. Recording equipment included a 
Grass &-channel electroencephalograph, a Grass stimulator type S-44, a DuMont dual 
heam oscilloscope type 321, tape recorder, and still and motion picture cameras * 

Hlectrical recordings and electrical stimulations were bipolar. Monopolar coapula 
tions were performed through the same needle electrodes by applying 6 mA 1)C. tor 
about two minutes, using a constant current device designed by Mauro and Delpado 


RESULTS 


Potentials evoked by single shock stimulation. A, [psilateral transmission, 
In patients having four needle cleetrodes was possible stimulate 
through the leads of one needle and to record from the leads of the other in 
cach frontal lobe. In this way potentials evoked in the same side of the 
stimulated area were studied. A representative example is given in Figure 
1. Recordings of electrical activity were taken from linkages 1-2, 3-4. and 
5-6 of the right external electrode CRT NT). Pomt 1 was always the 
deepest lead and pomt 7 the most superficial Single, unidirectional square 
waves of 4 Vo and pulse duration were appled every three seconds 
for about 30 seconds through different depths of the right medial electrode, 
The Jeads of both needle cleetrodes were at approximately comparable 
depths, the nght external shghtly deeper than the right medial. 


Single shocks, delivered between leads RE MD 120 deepest), 


evoked a spike followed about 50 msec. later by a sharp wave in leads 
INP 1-2. Phe stimulus artefact was vistble am the other two channels, but 


the evoked response was small in linkages RT 3-4 and was absent in 


* Phe motion proture was presented at thie 


Pnternational Congress of Neurolopy, 
1953 
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Tpsilateral transmission of evoked potentials Recording through the 
riyht external needle electrode CRT ENT) were kept constant the arrows 
stinulation was apphed through ditterent leads of the ripht medial electrode 
Most superficral 
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RT ENT 5-6. Electrical stimulation through intermediary points evoked 
responses which were more noticeable from the recording leads located 
approximately at the level of the stimulating leads. When stimulation was 
apphed through the most) superticial pots, RT MD 6-7, the evoked 
response was apparent in the most) superficial leads and absent im the 


deepest points of the right external electrode. 


SEC. 


4 


4 


STIM- RT-MD- 2-3 


2) Contralateral transmission of evoked potentials, Recording through the lett 
external electrode ChAT ENP). At the arrows single shock stimulation through leads 
2-3 of the right medial electrode CRE Observe reversals between leads 1 
INT 3-4 and 4-5 


Contralateral transnusston, single shocks were delivered to one 
side of the frontal lobes and recordings were taken from: the other side, 
responses consisted im general of a small sharp wave followed by one or 
more slow waves of decreasing amplitude, The evoked potentials mainly 
affected areas deeper or more superficial, according to the relative position 
of the stimulating pomts. An example i given in Figure 2m which record- 
Ings were taken from the deft external electrode and: single 
widirectional square waves of 4 Voand pulse duration were applied 


at the arrows, leads RT Mb) 2.3. Tighest amplitude of response and 
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reversals were found in linkages 3-4 and 4-5, which were ata depth com- 
parable to the stimulating leads. The evoked response was mumial at the 
deepest CLARE ENT 1-2) and at the most: superficial ENT 6-7) 
linkages 

The amphtude of the evoked potentials was related to the voltage of 
stimulation without affecting the delay of the response general 
example is shown in Figure 3. Electrical stimulation was apphed i the 
depth of the right trontal lobe and oscilloscopie recordings were taken from 
the left side. Leads of the upper channel were at about the same depth as 
the stimulating points. Leads of the lower channel were about TO mim 
higher. Stimulation was increased two volts ata time from 2 ta 8 Vo The 
delay of the slow wave response im the first channel was about the same at 
all voltages tested (a little over 200 msec). Amplitude of evoked responses 
mnereased when the stimulating voltage was augmented. At & the first 
slow wave was followed by another one of Jess amplitude similar 
duration. 
ffects of repetitive stimulation on electrical activ:ty requeney of pulses 
60-100 ¢/sec., pulse duration msee.. and voltages up te 30 for 5-10 
seconds were tested in all the patients at different depths of the frontal 
lobes. Electrical stimulation within the frontal lobes using LOO 6 see. 1 
msec. pulse duration and 1O for 5-100 seconds often evoked atter 
discharges in both sides of the frontal lobes (Fig. 4) which lasted for 5-60 
seconds and were followed by slow waves for a period of a few minutes in 
the stimulated side. A quick return to the pre stimulation pattern was usual 
in the nonstimulated side. The pattern of afterdischarge yenerally showed 
lugh voltage, irregular activity of to e/sec. and occasionally high voltage 
rapid spikes. Patterns different in frequeney and amplitude oceurred at 
different depths. Wave and spike activity was less often observed. After 
discharges were evoked with lower thresholds in the superticnl than im the 
deep pomts of the frontal lobes. At threshold levels of stimulation the after- 
discharge might be limited to the stimulated side only, and on a few ocea 
sions to only the stimulated pout, The afterdischarges more often spread to 
superticnl than to deep areas. In some cases it was possible to see all points 
of the strmmlated side and the two or three most superficial of the other 
side involved in-an afterdischarge, while the electrical activity around the 
deepest pomts of the nonstimutated side renguned undisturbed. Often, when 
several afterdischarges had been evoked. at was possible to trigger the cor 
responding side by electrical stimulation of some previously unresponsive 
areas. For example, in one patient: stimulation of RE NDE. 1 2 with 60 


pulse duration, and \ for 10 seconds produced no effect 
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3. Single shock stimulation with increasing voltages was apphed in the depth ot 
the right frontal lobe) Leads connected to the upper channel were in the lett trontal 
lobe at about the same depth as the stimulating points. Leads conne ted with the lower 
channel were in the left frontal lobe 16 mm. higher. Observe in the upper channel the 
Increase in amplitude of response without modification ot delay. In the lower channel 
there Was no response. Calibration: 50 se 
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hia. 402. Spontaneous electrical activity of the frontal lobes before stimulation 
blectrical stimulation through leads of the night external electrode evoked an 
atterdischarge which an this case affected both sides ot the frontal lobes Behavior 


conversation, and motor activity of the patient: were not modified durmg. the atter 
discharge 


Then pomts LEP NDE. 3-6 and 6-7 were stimulated with the same parame 
ters and several atterdischarges were evoked. A few miunutes later stimula 
hon ot RE NDE. was repeated with the same parameters and one atter 
discharge of about 20 seconds’ duration was evoked im all linkayes of the 


frontal lobe, without modifieation of the electrical activity of the right 
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ideo Afterdischarges evoked by electrical stimulation of the frontal lobes 
were an general restricted to this area of the brain, as evidenced by plate 
recordings from other areas. However, in some instances, especially when 
high voltages were used and the most superticial points stimmlated, the 
evoked activity spread to the premotor and motor areas and was recorded 
directly from: these regions through the plate electrodes. The spread 
eizure activity from the frontal lobes to the motor area was a slow process, 
requiring several seconds to reach the ipsilateral motor area and longer to 
affect the contralateral motor area, The development of a seizure pattern 
in these regions was also slow and often took 20 or more seconds to show 
wellorgamized waves and spikes. The end of the seizure activity was 
mdependent im both areas. In general it ended first in the frontal lobes and 
was succeeded by slow waves, while the motor area was still producmy 
waves and spikes at full strength. 


ffect of evoked afterdischarges on the patients. General behavior, motor 
activity, and conversation were not apparently modified by afterdischarges 
localized to the frontal lobes. One patient, for example, was looking at a 
mnagazine and making pertinent comments to the interviewer, Electrical 
stimulation of pomt R'E MD 1-2 (100 ¢/sec., msec. pluse duration, 25 
for 5 sees.) evoked one afterdischarge of 15 seconds’ duration affecting both 
frontal lobes, and was followed by slow waves which lasted about. five 
nunutes m the right frontal lobe. During all this time the patient continued 
looking at the magazine, turning pages and talking with the interviewer, 
who did not observe any change. The normality of the behavior of the 
patient was im marked contrast to the gross abnormalities m the electrical 
activity of his frontal lobes. On the contrary, ina few cases in which the 
afterdischarges spread from the frontal lobes to the motor cortex, a motor 
seizure with loss of consciousness followed. The patients were out of con 
tact for one or two minutes and then seemed to recover completely while 
the electrical activity of the frontal lobes still showed) slow swings away 
from the pre-seizure pattern, One patient was stumulated (RT NT 12; 
100 ¢/see., for 5 sees.) while he was reciting poetry. He 
suddenly stopped; when stimulation was discontinued, he commented that 
he had felt. a funny sensation in the head and was unable to think of the 
words of the verse. “My mind was blank.” he said. “as had drunk alot 
of beer” This effect was repeated: several times and tape recorded. bake 
stunulations and stimulations of other pomts fuled to produce the described 


sensation. other patients stimulation of different: evoked 


sensory, and autonome effects, whieh will be desertbed another 


pubheation, 
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3. Spontaneous electrical activity of the lett frontal lobe before electro 
coagulation 

Bo General reduction in the spontaneous electrical activity of the lett frontal lobe 
followed clectrocoapulation of promt Soot the lett needle electrode 


Llectrocoagulation, The pomts to be electrocoayulated were selected after 
studving their spontaneous cleetrical activity and the results of electrical 
stimulation. Pt was done an the fully conscious patient while he was beimny 
mterviewed. Recordings of electrical activity were made mamediately before 
and atter coagulation of each pomt. The patients were unaware that the 
final step owas bemp taken and possible psychological factors were thu 
avoided. Six to ten ports were routinely coagulated im each case and the 


following phenomena were observed 
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(1) No change in the basic electrical activity of the frontal lobe, 

(i) General reduction in the amplitude of the spontaneous electrical 
activity of the homolateral frontal lobe (Pig. 5). The electrical activity jot 
the other side was not altered until a sinular contralateral point was electro 
coagulated, 

(in) Slow waves and pulsation artefacts sometimes followed the destrue- 
von, lasting from several minutes to hours. 

(iv) In two patients beheved to be suffering from) intractable pain, 
but temporary improvement appeared to occur, which was 
comeidental with modification of electrical activity in the focal area of 
clectrocoag ulation, 


DISCUSSION 


In both cats and monkeys single shock stimulation of a cortical pomt 


may induce a localized electrical response at the corresponding point of the 
opposite hemusphere, according to Curtis and Bards In the same way local 
strychninization of a cortical pomt may fire the corresponding pomt im the 
opposite hemisphere, according MeCulloch.” Chang’ also found in the 
cata localized electrical response im a svmimetrical point, contralateral to 
the stimulated cortex, especially in the suprasvivian cortes. Pn the present 
study single shocks apphed within the frontal lobes im unanesthetized 
human patients evoked potentials which were recorded preferentially from 
leads located at a similar depth, as shown in Figures 2 and 3. These findings 
sugyest that pathways a the explored area of the frontal lobes are not 
diffisely projected systems, and are oriented horizontally. [nthe ipsilateral 
recordings the evoked potentials could be caused by a spread of current 
from the stimulating leads to the area recorded, but even im this case the 
absence of diffuse responses would support the hypothesis of well organized 
pathways with delimited: projections. 

In contralateral recordings the mitial sharp wave having a delay of a few 
mulliseconds (big. 3) could be related to callosal transmission, and the slow 
wave having a delay of over 200 milliseconds to longer circuits With prob 
able thalamic participation. Tt was interesting to observe that when imtensity 
of stunulation was mereased, the delay of the slow wave response was net 
modified and only the amplitude was greater. 

When repeated stimulations of the frontal lobes evoked afterdischarges 


propagated to the premotor and motor areas, the onset and end of the 


* The diagnosis of one patient was taboparesis and of the other, thalamic pam due 
te stroke. Pransient: pam relet these individuals following focal 
clectrocoagulation an the trontal lobe may simulate the lasting anprovement 
obtamed an cases atter unt or bimedial 
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seizure activity were often independent im the two regions, with a rather 
slow propagation trom one area to the other. This finding indicates that, at 
least im some cases, afterdischarges are dependent upon local activity and 
not upon a general pacemaker. Both frontal lobes could be involved in atter 
discharges without apparent modification of the behavior of the patients, as 
contrasted to the loss of consciousness which accompanied similar atter 
discharges of the motor areas. The pioneer work of Fulton and Jacobsen! 
and the considerable work accumulated afterwards (see bibhography in 
Greenblatt and Solomon’) proved that frontal lobes are not essential tor 


corselousness but play an role i behavior, However, according 


to our observations, disturbances of them electrical activity may not be 


registered in overt: behavior, 

The psilateral reduction of spontaneous electrical activity of the frontal 
lobes after clectrocoagulation of some ports seems to Cay the 
independence of the origin of electrical activity in the two hemispheres, and 


(hb) the importance of some pomts for the electrical activity of a wide area. 


SUMMARY 


exploration and therapeutic clectrocoagulation of discrete im the 
frontal lobes was done by means of multiead electrodes implanted within 
the brains of nine patients tor pertods of one to four days. Potentials evoked 
by electrical stimulation were recorded at ditterent depths of the psi and 
contralateral frontal lobes. Conclusions tollow : 

Responses evoked by single shock stimulation consisted spike or 
sharp wave followed by one or more slow waves 


2. Evoked potentials were recorded trom contacts located at 


about the same depths as the stimulating pomts. This suggests that path- 
wavs within the frontal lobes are organized diffuse projecting 
systems and are horizontally oriented 

3. Repetitive stunulation of the frontal lobes with appropriate parameters 
evoked afterdischarges which, depending upon the aitensity of stimulation, 
were limited to one pomt, to one side, orto both sides of the frontal lobes 

4 The evoked electrical disturbance of the activity of the frontal lobes 
dhd not medity behavior, conversation, or motility of the patients except in 
the few eases im whom the evoked atterdischarges of the trontal lobes spread 
to the motor areas, producing: a motor serure with loss of 

ot different points ol the frontal lobes could pro 
duce the following effects upon ats electrical activity: Cay effect; 


Cb) ipsilateral general reduction of amplitude: Ce) slow waves 
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MOTOR REPRESENTATION IN THE FRONTAL SULCI OF THE CAT} 


We were privileged to make our debuts mm neuroplive ology at Yale under 
the inspiring gindance of Protessor John While still very “wet 
behind the ears” we began together to study visceral and somatic motes 
representations throughout the frontal lobes of various expermnental ant 
mals. Dro ulton was especialy cneouraging tous when we began to 
vate the cortes hidden within the depths of trontal salen Tle ported out 
that there was no reason to SUppose a Priori that the functions of cortes 
buried within the suler were venerneally different trom or less significant 
than those already attributed to the more accessible and theretore better 
hnown surface areas. Our first paper theretore meluded an analysis ot the 
representation of respiratory movements within the frontal suler ot the 
anesthetized dog and monkey. Although we extended observations reliatuig 
to ndden cortex to other animals, meluding the chimpanzee, we recogmized 
the desirability of mapping buried cortex systematically as an aid pore 
Jocalization during aseptie of electrodes tor Tater 
analysis in waking, freely moving animals without anesthesia. We consid 
ered that Judden cortex: should be thoroughly explored in cats because of 
their general availabilty and them adaptability to the Clarke 


apparatus 


Although many have emphasized the nipertance of taking hidden cortex 


consideration the total cortical representation cats, 
there qs as vet no schema available whieh mdieates the yeneral tunetional 
organization of this extensive and relatively maccessible region, Some: pre 

views studies were helptalin supphing iitormation relating te 
of the Indden motor cortex Delgade, 1952. for a review of the 
lrerature but often these data were obtamed atter surgical ablation of one 
bank of the suleus concerned. Surgical exposure of the surtace ot 


corte tits the advantage of direet observation ot electrical nits, 


= 
| 
# Protessor of Pliysiology and Psychiatry, Yale Unaversity oon 
Protessor of Physiology and School of Medrane. University 
of Cabhtorma at boo \nivele 
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has the disadvantage of imposing some circulatory embarrassment to. the 
stimulated site and of cortico-cortical relations which may be 
MNportant in support of background activity as well as im the cortical organ- 
vation of the motor response. We were fortunate in having access to at 


Horsley Clarke apparatus whereby we could test responses to stimulation 


of carefully tapered bipolar concentric electrodes which penetrated the Dram 


millimeter by mullimeter. This technique is not itself free some dis 
advantages, but we looked upon ait as an improvement over surgical es 
posure and it did have the advantage of simulating conditions which are 


encountered during operative implantation of electrodes. 


METHODS 


Twenty cats, lightly anesthetized with Dial, were tixed to Horsley Clarke 
stercotasie instrument and then suspended. aistrument and all, froma horizontal bar, 
so that the four extremities were dangling and the lateral movements of the head and 
trunk could be readily detected Twenty -pauve bipolar con entre probing electrodes, 
msulated except at the bared end of the shaft and tip of the internal electrode, were 
utihized tor mapping millimeter by millimeter im successive vertical columns throughout 
the frontal lobes. By making use of both hemispheres, six to twelve such vertical tracts 
could be studied cach Rectangular and thyratron discharge pulses were 
used for stimulation. Responses were detected visually and by palpation. Electrode 
tracts were identified by gross and microscopre brain secthons, a parathin coated thread 
being placed cach of the successive electrode tracts during the experiment and 


removed only atter the bram: had hardened 


RESULTS 


logure Las a diagrammatic svathesis of our data concermmy the motor 
functions of the hidden cortical surtaces. addition to the representations 
indicated, hind responses were obtamed by stiaulating the surface ot 
the posterior sigmoid gyrus, forelimb and face responses by excitation of 
the anterior sigmoid gyrus, and movements of the fice, tongue, mouth and 
eyes evoked trom: the anterior portions of the coronal and diagonal gor 
Moreover, the surface cortex around the muddle portion of the corenal 
suleus yielded trunk and hind movements. There appeared to he a 
continuum of motor representations which extend throughout both the 
surface and cortes hidden within the suler Some cats, seeming to have 
less extensive representation of motor fanetions on the exposed surfaces ot 
the hemusphere, proved to have greater than usual representation withn 
burned cortex. Although sheht variations frome animal to animal occurred, 
there was a clear homology between one hemisphere and the other im cael 
mdividual expermental Certam: facts relating to responses evoked 


from hidden cortes of the frontal lobe suler in the cat seem worthy of detail 


. 
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Motor representation in trontal suler of cat DELGADO. LININGSEON 


Sidcus cructatus Whe cortex: lidden within this suleus is approximately 


120 extent. In general, stimulation within this area yielded) slow 


Hesion of the contralateral hind limb. By emploving currents only ten per 


cent above threshold for barely discermble responses, diserete individual 
movements which were 

characterise for partien 

lar locr could be eheited 

These involved motion ot 

the pelvis, thigh, foot and FORELIMBS 
paw. including the digits 
and claws. The movements 
were expressed rota 
tion, abduction, adduction, 
extension and flexion (the 
latter especialy readily ob 
tamable from the ventral 
bank of the suleus), of the 
prosmmal parts of the limb, 
and digital extension, thes 
lon oor fanning, wath elaw 
presentation or retraction 
Occasionally both tind 


responded to eruel 


- 


ate osuleus stimulation: 
purely ipsilateral responses 
were rare, There were also eae 

near the 
extent of the ernenite sul ot the hidden corte al 
cus whielr vielded pelvi ‘ cru theron right ulou 

‘ 
WIE Or of the three suler an a coronal se tron 


companiinent of hind 

movements Nearby some loer gave combined movetments of tore and lind 
Hibs. Contraction of minseles on the sree Opposite to the hemusphere 
stimiiated caused troank movements which sometimes pread to inivelve 
extension of the contralateral hind da addition, tar movements were 
cheited by stimulation of the ernente suleus, These usually took the form of 


slow elevation tron: relised dependent position to a nearly horizontal 


Sleds were obtamed quite Consistently all nly 
the pattern of representation within the suleu 


anterior twothirds of the suleus somewhat: lower thresholds for 


UMA 

NG 

C riuenate 
cals anid 
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response and evoked more prompt and inaperious movements. Respotises 
eheited from the posterior one-third of the suleus tended to be less discrete, 
less uiformoain tummy and in the characteristics of motor display, and to be 


less readily fatigued, 


Suleus coronalis: Vhere are approximately SO of didden cortex 
within the two banks of this suletus. Stimulation of the anterior portion 
induced hfting of the contralateral wrist and curling flexion of the pass 
Sometimes contralateral lesion and ipsilateral extension were observed, 
Additional responses from different: points wathin this region imeluded 
pronation, supination, adduction and abduction of the contralateral or of 
both forelimbs. The posterior halt of this suleus required relatively higher 
mitensities of stimulation and the responses were more comples and less 
consistent frome trial to triad. 


Sulcus presyivius: Vhere are about 125 mim? of cortex enclosed by this 
Since ats course ts practically vertical, electrodes can pass along its 


length frome the base of the inverted to its openmy onto the antere 


ventral surtace of the bram. Forehimbs are represented in the part 


of the suleus, extension toward the topmost part and fleston a little deeper. 
Although most responses were contralateral, some were Dilateral and, more 
rarely, ipsilateral alone. “pawiig movements” were also evoked, 
the evele bemy repeated agam and agai during continuous stimulation 
Head turning was cheited below forelimb responses. two animals, 
lation af the nuiddle portion of the suleus presvivius caused acceleration of 
respiration and gutteral vocalization, 

hace representation is widespread throughout the halt ot the 
presyvlvian suleus. acral responses here were lower im threshold than anys 
other somatic movements obtamed trom deep or surface stimulation. The 
forward or upward movement of vibtissac had the lowest threshold of any 
facial response. Tn addition to tonite sustamed movements of the vibrissae, 
rhythnue responses were often observed am which the whiskers twitched 
forward and then dropped more slowly backward, the rhythm varying trom 
one to ten per see. according to the apphed stimulus strength, We reterred 
to these as “vibrissae nystagmus.” Vaibrissae and evebrow or vibrissae and 
forelimb responses occurred commonly trom stimulation of single 

Ive movements, usually conjugate in the vertical or horizontal plane 
and usually accompanied by openmg or closing of the evelids or other facial 
movement, were cherted trom the miterior part of this suleus. eve teld 
functionally comparable to that of the monkey's area however, appear 
to he on the medial surtace of the tromtal lobe of the cat 


tation occurred predominantly but not exclusively on excitation of the 
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frontal sulet of eat DELGADO, LIVINGSTON 


He and interior portions of the medial bank of this suleus. 

bank ot the pore caused inhibition of re 

restiting an shallow. slow respiration or arrest im the expiratory position 


we found that the lower parts ot the 


vielded responses toneue, wath some 


| of the mouth, lapping, 


losing 


Confirming Pless. ef al lateral bank 


melding 

petition at the 


| t 


Hooceurred wath are 


onses, but sometimes 
vallowing sequence throughout the duration of 
there were isolated movements of the tongue such as curing or protrusion 


\t a tew locations hivary secretion could be observed to rease clistinethy 


stuilatien 
Although there were some variations the et as 
analyzed different Cats, two features of the re Were 


were closely qatehed one ent ane 


consistent: the two hem spheres \ 
the sequence ol representation alone the suleus was the same throughout 
the series. Ascending the lateral column of the miverted ats ven 
tral to ats dorsal parts, we found tongue, paw, swallowing, vibrissae, faee, 
evelid and eve movements, neck and tially torelinib responses near the top 
of the "U2 On descending the medial bank of the suleus we encountered an 


extensive zone vielding forelimb movements, then pupillary and respiratory 


changes 


DISCUSSION 


It hits already been emphasized by several physiologists chat funetions 


probably do net stop abruptly at the miargins of suler ar 
the opposite suleal margin, but that they may contiiue within the hidden 


inthe depths ot the suleus. Stout over forty vears age, attempted te 
explore the banks of the eruemte suleus and diserete 


responses Which were different for the anterior and pestertor banks of the 


But he complaned ot the great ditheulty of ats exploration because 
ation of anartery between the two dips of the 


the le 
1933 that “while only merdental 


and basher stated am 


as furnished by the present series ol on the demar- 


cation ot the cortical motor area ot the cat, the large number of resparses 
buried corte the lateral and dorsal wal thie 


obtamed= trom 
Caarol, in indicated that the eat 


presvivian suleus is of miterest.” 
There was ne region trom which responses of the trunk could be obtamed 


until the mitensity of the was sufficenth te produce a prea 


of current and simultaneous movements of either the fore or hind dinb of 
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both, Such an area may he a the depths of the 
Chusid and French explored the depths of the sylvian and lunate in 
the monkey by Waking it surgical exposure of the burned cortical surtaces 
They acknowledge the diffieulnes and disadvantages of this method 
Mahoney and Robinson, also using surgical exposure techniques, 
mvestivated the motor tunetions of the cortex aa the frontal lobe 
ofthe doy. and Wilbur Smith made a simular examination the but 
apparently these studies were published only in abstract. Because of the 
Inconverences Of mapping this mitolded territory, Woolsey and his assoc 
ates tive given their principal attention to mivestigations of the more prim 
tive Tn dagher primates, Levton and Sherrington found “the por 
Hon oot the motor region which les buried the suleus centrals and other 
fissures amounts to not than about 35 per cent oof the whole meter 
region.” Phidden cortes: becomes a progressively larger traction of the total 
cortes in digher mammals, and itis reasonable to suppose that motor repre: 
entation anoman will eventually need to be understood am terms of the 
Indden as well as surface corte, 

Vithough our observations were confined to the overt responses which 
could be evoked by stimulation of the surtace and depths of the frontal lobe, 
weoare well aware that movements might be aroused by stimulation ot 
regions that are essentially sensory an tunetion. the higher thre 
holds. Jess confined and uniform Cless evidently respotses en 
countered the posterior portions of the cruciate and coronal suler sug 
gested that we were stimulating what might be predominately 
sory fields.” Our imelination i to consider all of the frontal lobe territory 
from which responses may be cheited, both superficial and deep cortex, as 
‘Sensormmotor character, 

\t tunes our penetrating electrodes were located in white matter from 
Which motor responses were readily chemtable, Our report, however, has 
heen confined to the ientitication or responses which were maduced while 
the electrodes were im place Within, or in close contact wath, cortical rey 
substance. We have the impression that cortical responses, as contrasted 
With responses from white matter, are of lower threshold and exhibit a 
greater continuity of functional representation among adjacent points. 
addition to providing useful information for the problem: ot eleetrode imi 
plantation, these data suggest to us the importance and dignity deserving 


consideration of the role of cortex: buried wathin suler Rather than 


having this stall another (fourth or fitthy motor zone, we would pre 


fer to consider the entire sensorimotor region being umitary and 


continuous over the surtace and ito the depths of the suler as well. 
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SUMMARY 


Cortes dndden within enclosed portions of the suler cruciatus, eoronalis 
and presvivins, has been stimulated electrically in twenty eats under Dial 
anesthesia by means ot Iipolar concentric electrodes directed: stereotaxtealls 
to penetrate the troutal lobe millimeter dy millimeter 

Vhe hidden cortes torming the walls of these salen im each hie nisphere has 
a combined extent aft more than three an ares 


comparable to the surtace extent of the frontal lobe of the cat. Phroughout 


ubsurtace cortex there is an and essentully continuous 
region from whieh discrete somatic motor movements may be 
evoked 

Stimulation of the cortes within the cruciie suleus vields movements of 
the contralateral trunk and tail Phere tsa small ob fore 
representation the anterior partoot this su resportises 
are also ehemtable frome the anterior part of suleus coronal. Woathin the 
presvivius there is an extensive moter representation of the antertor 


halt of the animal: forelimbs near the top, head and neck movements. face 
| 


Vibrissae. evelid and eve movements, jaw, tongue, pupillary and respiratory 


as the orbital surface is reached Phere are difference repre 


wathin the surhaces of each ot these three salen and each 


hank appears to provide a series ot mater representations whieh are eon 


with those encountered on stumubation of the surface ovr 


part otf our publishes 
ane cormstru tis 


Cavities Mahi ones 
lop freed Pre 


bral cortex wathin arcuate ane 
tao | Nenropath 459 

Delpade. Hidden motor corte 
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Delpado, and Livingston, ROB Some respirators 


trodes thre 
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Pespotises to Sanitation of orbital surtace | Neurophys rol 

1948, 71, 39 
% Carol HOW Phe “motor” cortex of the cat. Neuropath 142. 7. 139 


the ‘ool the fissuration of the dsocortex comp 
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wort nelading the 4 | 
| prese one. dias recerved support 
eoideas trom Dir battens ‘ ter « 
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JOHN H. FERGUSON * 
JESSICA HT EWIST Department of Pha stology, of 


North Carolina, Chapel Hill 
JAMES FRESHE 


THE TWO-STAGE “PROTHROMBIN” ASSAY IN STUDY OF 
BLEEDING AND CLOTTING DISORDERS‘ 


Keeent study of 400 human cases, including 240 wath diverse hemorrhagic 
disorders, has accumulated noteworthy experience with a wide variety ot 
testomethods tor quantitating the collective and individual factors im the 
blood clotting and hemostatic mechanisms. Important among these tests are 
those dealing wath prothrombin and ats conversion to thrombin for the 


enzymatic polymerization of fibrinogen to fibrin clot) “The so called “pre 


thrombin tine” test, oriimated by Ouiek ef al has been compared in 


investigation with three speemie prothrombin methods Ware and Seegers 
made detailed studies of the techmeal aspects of the stage” prothrombin 
assay originated by Warner and The present 
deals wath our expertence bearmy on the valadity ot this 
method and its modifications, deluding some oof our own. based 
experiments of a techmeal nature, with the opportunities tor test 
plasmas and sera from a representative collection ot cases with bleeding 
disorders 


MATERIALS AND METHODS 


Bloo Obtamed an arm vem usingpe stheoned: Some as clotted an 


pla and oatter as mised wath vol oot O12 sod 


tor the as an the f thrombin oon test 


test pives the percentape lo atter hour at as computed 


assays oon serum and the corresponding plasma below blood) sample a 
oxalated and centritupged tor playa, whiehoas used tor many test Cone 


Head ot Department 


ot Research 
Natronal Dustitutes on S Publ Plealth 
ented betore the NEN 


September 4th, P9530 Abstracts of Communication 
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assay, (d) spectfic proaceclertn assay, The common procedure is to time the clotting 
at 37° ©. atter adding O2 ml Ca-tpln. ta the various plasma mixtures. “Ca tpln” 
equal vols. of 0:02 M CaCl. and tissue thromboplastin, the preferred preparation beimp 
“Soluplastin,”* since our tests show this to be free from) Cprojconvertin and (pros 
accclerin contaminants. The respective “substrates” are: (a) for PT test Cet) 
sunply aml of patient's plasma for prothrombin assay 

pp ¢sal plus mi. beet BaSO, plasma; tor 
proconvertin assay mb pp plus “asbestos-filtered” beet plasma; 
for proaceelerin assay OL mb BasSOuw pp plus “aged” human normal 
plasma. The principle is that each substrate supplies all the necessary clotting lactors 


except the one bemp assayed 


‘Normal’ standards, reterence (dilution) curves, and reagent checks tor these and 
other tests involve much meticulous experimentation, Phey permit assays ii terms ot 
“per cent’ of normal, im cach case, whether a reference curve is used or a statistical 
norm for an empirical 2-stape prothrombin) umitage known normal 
assayed with each proup of tests to onent the standard to any change of reapents or 


fest conditions 


BaSO, adsorption, of plasma, serum, or tibrinogen solutions, as effected by mixing 
with powdered BaSO, (Merck's), per mb, for minutes at and cen 
trituging off the sediment. This sediment may be eluted wath volo ot O02 sod 


citrate for a new specific 2-stage prothrombin assay (Method meubate 


eluate with 3.7 ml saline NaCl), imidazole butter 7.3), 


aceelerin CBaCO.adsorbed beet serum, dito, mil beet proconvertin 
(ef), OS anol. “soluplastin” ml O15 CaCh. Secondly, time the clotting, at 
28 of O2 tibrinogen with O2 mb samples of incubate successive minute 


Intervals. Clotting times are reterred to a standard normal eluate dilution curve to 


‘Cot normaly. Like the orthodox 2-stape (Method 


assay prothrombin as “percentage 
the new test activates the prothrombin Cbut in the fibrinogen-tree eluate) to 
thrombin, which as then measured by the shortest clottinpg-time for ao standard thbring- 
yen. Phe end-pomt is usually reached within minutes and as typreally stable Cuntike 
indieatiug absence of ibubitors. Other differences trom: the 
orthodox twoostage are non-use of acacia, employment ot fixed dilution, a 


different mode of computation 


The orthodox 2 stage (Method for spectfic prothrombin assay: Detibrination of 
plasmaas effected by collecting fibrin on a glass rod for minutes after adding 
thrombin to OS ml plasma plus ml saline The bovine thrombin of the Uprohn Co, 
supphed through the courtesy of Dr Correll is very satistactory when used in 
a strength of 20 “units” per mb Dilution of the detibrinated plasmaioas wath 
method, with saline BaCO adsorbed beet 
serum: or acceleriny in the “moditied’ method, and wath plus 


saline, in the “oripanal 


beet proconvertin CPro€ oan our “improved” method. Netivation of the sumably 
diluted defibrinated plasmaoas by aneubation of mil wath mi ot Cay 
“prothrombin incubation masture”  supphed through the courtesy of Dr W 
Christensen, or our own preterred “max” viz. 23 saline, 2 imidazole butter 


8 acacia (15%, Ca-free), 1.2 “soluplastin,” 1.8 CaCh (0:1 M). At minute imtervals, 


* Schiettelin and supphed through the courtesy of Dr bo Wo Blanchard 
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of incubate ws tested on OQ) ml tibrinogen, at 28 util the shortest clotting 
tine is reached. Computation and corre tron factors are established 

Fibrinogen. No overy  satistactory fibrinogen ais prepared from: dog plasma, atter 
BasO, adsorption, by precipitation at saturation wath redissolvine im 
aline and dialyzing saline contaming citrate. \rmour's bovine 
fibrinogen Cbraction serviceable o1.5¢, solution is adsorbed with BaSO, 
ane then dialyzed to low citrate content Stock solutions are stored trozen at e4 | 
lots, and centrituged tree of sediment on first thawang betore use 

j 

RESULES AND INTERPRE EATIONS 

Parallel tests on TOO normal and 
over 200) hemorrhagic cases show 
that the results wath Method Plb or 
Ile agree closely wath) those 
the other two specie prothrombin 


methods Toor but otten diverge 


"PROTHROMBIN TIME” 


widely frome those of the prothronm 
Din test. Method PP as cam 
pared with either Method 
Method a linear correlation 1s | 
shown, with a small scatter and a 
computed correlation coetherent ot 
over O95. Figure Tin contrast com Comparison ot two stage pre 
Hiromibin assess OMethod and pre 
pares data of Method and the tame tects 
prothrombin time test. Phe diserep tapes of mortal 
ances are obvieus and the correla 
tion coefherent of about OS as hardiy sigmitieant. Pndependent assays of 
other factors show what as now well recognized, namely. that the orginal 
one stage “prothrombin” test as subjeer to other variables “These 
proaccelerin (Ne globulin, dabile factor, factor ete). proconvertin 
(SPCA, stable factor, factor VEL ete as welbas the abnornial presence ot 
certamm inhibitors and. rarely, severe defierencies of fibrinogen. Nother pre 
viously reported finding is that ot a normal prothrombin tiie test mess 
born antants despite considerable deficreney of prothrombin and procen 
vertin Some 30 cord blood plasmas are meluded in bagure all these 
cases there was an abnormally high (100 30066 proaccelerim 
Granting, then, that the three “specie” methods all measure the san 
clotting component, what as the evidence that this is mdeed prothrombin 7 
One direct answer was given by Johnson and Ferguson, who used Method 
I} to show excellent analvtreal recoveries ot purihed prothrombin added te 
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fleets of technical variables, including those dependent on reagents. 
present study confirms an earher report’ that Method is very dependent 
upon techmeal variables as far as any “absolute” unitage is concerned 
Clotting tunes are affected by temperature, pH. ome strength and nature 
of salts, ete., present, and by such “fibrinoplastie” additives as the acacia. 
even with this useful Gif not physiological) addition, clotting times and 
hence unitage vary with each batch of fibrinogen. However, with one good 


lotof fibrinogen and the readily reproducible mixtures of the other reagents, 


° 


TWO-STAGE “PROTHROMBIN” ASSAYS 
ON STORED HUMAN PLASMA 


2 


° 


UNITS PER ML 
2 


2 


@ ProC + AcG 
AcG 
4 | @ Proc + Sal 
a Sal 
TI PLASMA CONCENTRATION — N 
DAYS OF STORAGE AT -20° C 


CORRELATION OF "PROTHROM@IN” UNITAGE AND PL ASMA OLUTION 


ASSAY UNITS “PROTHROMBIN” PER ML 


0. 


Correlation of prothrombin hig, 3. Two-stage “prothrombin” assay 
unitage (Method Th) and known plasma units normal human plasma during 
dilution storage at 20° Diluents varied 


satistictory agreement is observed in repeated testing of the same plasma, 


hor nstanee, i repeat determinations on one normal plasma the mean 
unitage of 85, with range 350 413, shows a standard deviation Cay close 
percent. Tests on 50 normal persons gave 360 441.0 1200) 
with one dog fibrinogen, 30> gave 265 (2000335, 11) with an 
other, while 70 additional cases assaved 215 (16000 316. 0 witha 
bovine fibrinogen. normal medividuals show some variability im 
the 2. stage prothrombin assay, ranging of the mean (1006) 
our total series. Plowever, the major determinant of the absolute unitage 
the “reactivity” of the standard fibrimogen. Phe linear correlation (big. 2) 
between Method Th unitage and known plasma dilutions Cusimg Basa, 
plasmaas diluent) extends to the practical limits of the test 

Variation im the type of diluent, in step 2 of Method was re studied 
In the above TO repeat determinations om aosingle tresh human plasma, 
tests made with sunple saline diluent (ay gave 353 0330398, 0 


with the mean at 926, of that noted above with the NeCimoditied (lb) 
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method. Table shows parallel determinations on known plasma dilutions, 
using as diluents: + Pro@, saline only. 
The tact that there was only a slight improvement on adding the aecelerm 
and proconvertin may be attributed to the fact that these agents were 
already sufhierent in the fresh normal plasma tested. In these and many 
other comparative studies the “improved” Clley and the “modified” 


tests agreed closely, with the former usually giving a few extra units 


Pwo Stack Protirowpin Assays on Dane rian 
oF NorMAL Hi wan PLASMA 
Found values, spectficd dilnents*® Cin tests 
strength (Ll) AvrG+Prat (3) Sal-+ Prat 


5 44 
10 x4 
20 Is 
40) 46 
57 
x0 7X 


100 100 
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Diluents, O85 per cent NaCl (sal) 
1.150 adsorbed bovine serum 
1: 100 bovine proconvertin, (Prot) 


Iufluence of plasma proaccelerin. Vat loss ot labile proaccelertn 
is the cause of unduly low 2 stage prothrombin unitage when testing aged 
plasmas was shown by Fahey, Ware, and Seevers” Figure 3 contirms this 
Inthe case of anormal human plasma stored trozen 200 OS ml 
lots which were thawed and tested individually over a period of 30 days 
even this excellent cold: storage not prevent a drop umitage by the 


“orginal” Method Pha Csquare saline diluent, only although 


this levelled off in the second week and the precipitatts drop in the sixth 


week Was associated with a thawing (defrosting and retrees 
ing, Whieh we have trequenth found to catse disappearance ot proaccelerny 
Phe “modified 2 stage copen circles) shows very satisfactory reprodne 
Inhty of the true prothrombin unitage “Phe method cdark 
svinbols) gives only small inereases in unmitage, whieh agrees with the em 
rently accepted tact that proconvertin, like prothromibin, sarvi 

preserved plasma and a normal specimen does not need additional Pred 


in the test diluent 


(7) Sal 
4 39 RZ 
76 76 7% 
IX. 17 1X 
34 30 
34 ee 34 
75 72 79 
100 100 
2/1 255 243 
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CPable 2), a clinical case of congenital hypoproaceeleri 
Cproaccelermm assays: O79." the disease originally called “paraheme 
pluhia” by Owren. showed a false low prothrombin value of 47 units with 
saline diluent, but C1176. of normaly with the NeG-moditied 
test. Flowever, the optimal activation time was reduced only from 3 to 3 
minutes, Proconvertin addition did not change these figures 


plasma proconvertin assaved Cof normal) 


elequired have occurred ina number of our chin 
cal cases, with associations that melude liver diseases, tromexan therapy, 
ete. They also require the “modified” or “improved” 2 stage for assay of 


true prothrombin unitage. 


Influence of plasma proconvertin, The stability of proconvertin, as shown 
in Figure 3 Ciiterpreted above, precludes attenipts to ascertam its role im 
the 2 stage assay except on plasmas with markedly lowered proconvertin 
levels. Such are available cases of congenital 
onyinally desertbed as SPC A deficreney by Mesander ef alo an In 
that vear reported two cases (MoT. and BR. correction: as 
congenital hypoprothrombinennes unresponsive to vitamin Ky oxide. 
reappraisal 1953" was based on the following additional tests: a 


old white girl died in 1950, but we kept some of ler trozen plasiuia 


‘and three years later were able to prove its normal prothrombin 


absence of proconvertiny. Phis required our speeific tests, however. Thus, 
the NeG “modified” 2-stage gave prothrombin as Cof normals, 
whereas our “improved” method raised this to accept 
ably “normal ona three vear-old plasma specunen. Moreover, the new test 
required a normal 4 minutes, mstead of the other's TO minutes tor optima! 
activation, a 32 -vear-old white male, returned tor another study in 
1953 and also gave specific proconvertin assay of zero and the following 
variants of the 2-stage prothrombin assay, made on plasma 
specimen Chept at 20” ©.): (4) with saline diluent, 33%, after 37 min- 
utes (') activation; with AeG, 8767, after TO minutes activation 
(iy with Pro€ Cand saline), 79), after minutes activation; (ivy with 
plus NeG, 1036) in a normal 3 minutes activation. 

Clearly these two cases Cineluded in Vable 2) are congenital hy popro- 
convertinentcs, With essentially normal levels of prothrombin, Both gave 
very Jong “prothrombin time” tests of normaly and could not have 


heen chagnosed without the use of proconvertin, 
The acquired liyvpoproconvertinenia cases our series are almost invari 
ably accompamed by hypoprothrombinemia and some associations are (a) 


normal mfaney Cnewhorn cord bloods). Cb) liver disease, Ce) vitamin 
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loss an serum atter 


ofnormaly Cox st (percentage 
hour at 37 ¢ N ob Hb 


vith: asterisk 


74 
Low proconvertin, high proaccelermn Crean) 


low 


Hemophilia 
mild 


deftroenoy inhibitor) 


PL \-detieren 


PEC detraen + inhibitor cante 


anti oagulant 


Platelet and Vas ular 


\equired thrombo 
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post splene tomy €320) 
Pihrombopathie purpura 
Phrombopathie purpura 
Phrombocvtosis >2.000) 
Schonlem- purpura (322) 
63765 
Hereditary telancie tasta (29%) 


Scurvy (452) 


Congenital 
Severe liver disease) 


active tibrinoly sin 


ord bloods 
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deficiency (infants), (dy cases on dicumarol or tromexan therapy. The 
course of these cases can be followed either with the specific methods or 
with the prothrombin time test. In all of them the hypoproconvertinemma ts 
moderate and our “unproved” Method EL prothrombin assay does not show 
significant differences from the ordinary “modified” 2-stage. Figure 4 
shows the results of these two variants of the prothrombin assay, Cay open 
circles: AcGesaline; open squares: diluent, and compares 
them with Ce) the “prothrombin time” determinations solid cireles, ma 


CASE OF MYOCARDIAL INFARCTION 

80{ 1000{ 
1900 
0} MGM TROMEXAN 


90 


60; 


50 


40 


30 


UNITAGE — PER CENT 


20 


| 
| 
| 


67 6 9 lott 1314 617 
_OAY OF THERAPY 


hic. 4. Prothrombin time tests (dark cireles), “modified” Copen circles) and 
“improved” (open squares) two-stage prothrombin assays during course of tromexan 
therapy im a case of myocardial infarction. 


case under tromexan therapy. The much lower values in ce) indicate 
this test's sensitivity to lowering of proconvertin as well as of prothrombin, 

We have not encountered any case of genuine congenital lypoprothrom- 
hinemia, and the existence of such state has even been questioned." 

The “improved” and “modified” 2-stage prothrombin methods have been 
found equally rehable on all other types of bleeding disorders. The latter 
method was used in the selected cases of Table 2, but in the two cases ot 
above), corrected values (marked with aster- 
iskhs) were by the “improved” method. table also illustrates another 
use of the 2-stage method, namely, in-estimating prothrombin consumption, 
although for this test the sumpheity of our Testage (Method 1) 1s to be 
preferred. Thigh serum: prothrombin values, medicating defective prothrom 
bin constmaption, are noted mn hemophilia CAPE deficreney "or hemophilia 
Pl A-deticreney. and “4th. 


like disorders, deficiency, 
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factor” lack. Vable 2 shows the normal plasma but abnormal serum - 
prothrombin levels in typical cases of three of these diseases. \ hemeophiliac 


and a PTC deficient patient: (for several months, showed 


circulating inhibitors following transfusion therapy.) but these did not sig” 


nificantly interfere with the prothrombin determinations. Another 
pathic’) case with circulating anticoagulant gave a somewhat low 
plasma prothrombin assay. Their prothrombin tune tests were fairly normal, 
however, 


Heparin is a natural (bat probably pathological) anticoagulant, which 


the originators” of the 2 staye pre thrombin method considered to mtertere 


3. OF THROMBIN STRENGTEE® AND OF ARINT ON 
UNirack IN TP wooStack PROTHROMBIN ASSAy 


HUMAN PLASMA 


Hlept Sal 


Thrombin strength* 
Defhibrination © (sec.) 


Unitage, per ml. plasma z: 208 


* Thrombin strength: Units per ml of plasma mixture 
Heparin units mg) per of plasma 


with the test. Johnson and Ferguson confirmed this expermentally, with 
excessive amounts of heparin, but found that smaller amounts Cequivalent 
to plasma devels in heparin anticoagulant therapy) caused an mexplieable 
merease in the 2-stage prothrombin umitage. Table 3 presents some recent 
tests Which confirm this last point and also offer an explanation. Normal 
human plasma was heparinized to OF Toronto anit anerogramy per mi. 
In parallel tests, with and without heparin, the strength of thrombi sed 
inthe defibrination was also varted. The finding of an anomalous elevation 
the prothrombin unitaye occurred in the heparinized samples only when 
the thrombin was unduly strong. never exceeded the unitage with optimal 
strength thrombi Cwithout heparing. suggested that there is an opts 
mal strength for the thrombin used oan the defibrination step of the assay 
When the thrombin is toe strong, hitthe heparin wath plasms 


cofactor, is inhibitory to thrombin y ean correct this 


WNadtation sickness. An addition to the diterature’ om the subyeet of 
radiation hemorrhage is the human case OR. presented in Table 4. thn 
elderly male had liver carcinoma metastasizing Troma primary site in the 


colon and was under treatment with radiogold (Auh ) at the Oak Ridge 


Sul 
7.38" on” 19.4” 78” 
321 325 265 
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Hospital (ORINS) when we made the cited tests, reproduced (with per 


mission) in Lable 4. The studies made on the day before the Au! injec 
tron showed a normal plasma prothrombin but deficient prothrombin con- 
Residual hour) serum: percentage is stated. By the 4th dav, 
prothrombin consumption was back to normal and remained so until the 
Ith day, becoming imereasingly defective until the 22d day: the patient 
died nest day from a massive hemorrhage at the primary caremomia site 
prothrombin levels Hletuated but were abnormally low only 


nally. The last two observations of diminished) prothrombin consumption 


4. Tests CP wo Stack) on Cast of 


Carcinoma (Metastasis) Treatep with Rapto-Goip 


Liver 


of therapy 


Plasma pro. 
Serum, hour 
Resid pro. (67) 


Platelets x 10° 


could be correlated with developing thrombocytopenia, but platelet counts 
were normal in the earher tests. 


Thrombocytopentas are typically accompanied by normal plasma pro- 
thrombin levels, but deficiency of prothrombin consumption. Pable 2, 
Case Vo Yo, with a platelet count of 10.000 per mii” is typreal and case 
shows recovery after splenectomy. 

We have quantitative tests for platelet functions, viz.. (a) 
(bh) accelerator factor, (ey) clot retractor factor, and (dy vasoconstrictor 
factor (5 hydroxvtryptamine). Cases with normal numbers of platelets may 
he functionally deficient and in’ “Table ToS. ©. 
lacked Cay and (by and N. Po lacked the retractor factor. However, both 
showed normal prothrombin levels and normal prothrombin consumption, 
This is the case also when platelets are excessive numbers, 

2,000,000 per mime in ease Can atypieal The other 
(vascular, ete.) types of purpuras dlustrated give normal platelet and 
prothrombin tests. Prothrombin tests (with fibrinogen added) are normal 
in congenital afithrinogencnua Boy? clequired 
in severe liver disease, is usually accompanied by severe hypoprothronmiby 
nema, often hypoproconvertinemna, and other clotting factor anomathes. 
Case Po was unusual showing normal plasma prothrombin, but 
absence of prothrombin consumption. complete analysis of this case 


5 
: 
»2 ) 5 
243 28 235 420 15x 43 
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would require tests bevond the scope of the present investigation, “Phe 
significant factor may be the active fibrinolysin, destroying proaceelerin as 
well as fibrinogen, the prothrombin and plasmiatie thromboplistie fietors 


resistant 


CONCLUSIONS 


Vechmeal study and chineal laboratory tse attest the value of the two- 
Hive assay asa trie measure of prothrombin in plasma and serum, The 
test must be “modified” to ensure adequac (projyaccelerm and, in severe 
deficiencies, of Cprodveonvertin also. Climeal appheations here ialustrated 
melude (1) differential diagnosis of genuine Ceven 
in “maxed” deficiencies ) trom: cases lacking the “aceessory” factors, namely, 
proconvertin or proaccelerm the following of the course of prothrom 
bin levels in disease and after giving cdieumarol, 
tromesan, ete.) drugs and vitamin Key alse, the following of prothronm 
bin levels mn infaney; (iv) the establishing of the essential normahty of the 
plasma prothrombin level in abbrinogenemia iy poproaceelert 
hemophilia, and PEA deficiencies, thromboey tosis, thrombe 
thrombeeytopathias, vascular purpuras, and radiation sickness 
Cescept terminally). Heparin and perhaps certam other pathologieal 


lubiters of clotting may present some techmeal problenis mi these tests. The 


prothrombin time test is affected by some factors other than prothrombin 


butas valuable at this does not confuse the issue, The prothrombin constunmip 
Hon test is another appheation of prothrombin assay methods, 
The dist of hemorrhagie disorders accompanied by detects i prothrombin 
consumption has a common denominator, namely, some cause of delaved or 
meomplete prothrombin activation. Taken with other modern tests of the 
Dlood-clotting mechanisms, the above techmiques are of significant 


value in the elucidation of many bleeding and clotting disorders 


NC 
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TEMPORAL LOBE SUPPRESSOR CORTEX IN MAN} 


Dusser de Barenne and McCulloch’ demonstrated that activation of certain 
parts of the cerebral cortex pre a Suppressor response characterized 
hy decreased electrical activity of all areas of the cerebral cortex manmitested 
hy decrease in the motor responses and evoked potential responses of the 
appropriate cortex. The first of these areas deseribed was area 48 

They subsequently demonstrated’ other suppressor areas: SS, and 
2S. These areas were shown by neuronography to discharge ito. the 
caudate nucleus) and te have an inhibitory funetion on this) structure 
Dusser de Barenne and MeCulloch conjectured a cortico caudate thalame 
cortical circuit which served as a dampenimy cireumt on the activity of other 
areas of the cortes. In Garol and Buey) demonstrated to their satts 
faction that the suppression of motor response could be evoked im min by 
electrical stunulation of a circumscribed area of the human cerebral cortex, 
‘This area was equivalent to area as had been previously desertbed in 
primates, 

Some divestigators im the neurological teld have not been convinced that 
the suppressor areas exist. Seme beheve that the response obtamed is due 


to drving of the cortex and ois not really a funetion of the cerebral cortes, 


holding that akin to the spreading depression described by Leao” Some 


neurosurgeons Whe are also competent have tailed) to 
demonstrate the suppressor area humans at operation, while other neure 
surgeons, mn the same category, feel that they may have, from tine te time, 


cheited of suppression 


Deanot the Medial School Protessor or Neurolopy and Cliet of the Department 
Protessor or Neurology and Chiet ot Neurological Research 


of the authors of this paper Cb Mob had the great privilege of speneiripe the 
vear 1940 194] an the laboratory ot Dro as a research fellow unider the 
aegis of the Rocketeller Foundation This was an invaluable year an edues 
tion, and research, and also im the understanding of the role of the medial 
+ 


school 
total university. The atmosphere ot Dro bulton’s department attorded the bellow 


af 
vith those trom other Laboratories, and at was possible to observe at first 
the Dusser de Barenne and McCulloch studies of the suppression 


ot 


Kecetoed for publication September 23, 19 
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The present authors hold that the experiments of Dusser de Barenne aud 
MeCulloch are valid. We feel that most of the investigators who disagree 
did not actually repeat the experiments with the same techmiques and the 
same patients as the original investigators, 

The port, so often overlooked hy subsequent mvestigators, 
that Dusser de Bareene and MeCulloch deseribed a period of from oue te 
(iree minutes after the appheation of strychnine to the suppressor reg on 
before the strychnine firing appeared, and then a lag of three to eight 
nunites before the suppression is seen in the other areas of cortex. Mai 
over, the suppression is not uniform over the entire cerebrum at one time, 
and indeed there is often a waxing and waning of suppression. 

As seen in the original map of Dusser de Barenne and MeCulloch, area 
4-5 stands in relationship with motor cortex area S-S might be consideres! 
in relation with prefrontal cortex as well as premotor, area 2-S 1s a part 
of the sensory cortes ; and T9eS, the visual cortex. Area 24 on the media’ 
surface of the hemisphere is a part of the cingulate and limbic cortex ane 
thereby brings suppressor funetion into the field of what we may cal! 
affective cortex, Them map, however, meluded no suppressor area in the 
temporal Jobe in relationship to auditory cortex. Tt seemed, therefore, that 
there was a conspicuous gap in the suppressor areas as mapped up to that 
tine. This presented a challenge, especially view of the present-day 
iiterest im temporal lobe epilepsy. 


‘This Jed to the search for a suppressor area in the temporal lobe ot the 


infrahuman primate. series of studies carried out on twenty one 
Vacaca niutlatta monkeys, we located a temporal lobe suppressor area.’ This 
area isin the first temporal convolution at the base of the Rolandic fissure 
Ina second series of monkeys the temporal suppressor area was located ane 
treated so as to produce chrome, experimental epilepsy. The seizures pro 
duced from the temporal suppressor area of the macaque are inhibitory im 
type. The monkey becomes listless, loses muscle tone, has no defensive 
reflexes, and, for example, itis possible manually to empty the food pouches 
without danger or ditheulty. These attacks usually last about three minutes, 
and oat the end of that time the monkey as frequently more active tha: 
normal for thirty seconds or so, then returns to his normal state. 

We were, therefore, convineed that Suppressor Cortes does exist, that 
there is a suppressor cortex in the temporal lobe of the and tha 
chrome seizures can be produced trom this suppressor area. Phe nest que- 
ton Was, ts there a temporal lobe suppressor area in man and, so, ean thi 
area play a parti semure maniestations At this point we were very 
fortunate in the course of an exploration of the temporal lobe in a pation: 


with psychomotor seizures to discover the temporal suppressor region 
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Temporal lobe suppressor corer in man FORSTER, HURREAS 


Case report. The patient, Ro Boos a 27-vear-old white male who was admitted to 
Georgetown University: Hospital on March 12) 1954, complaming of epileptitorm 
sevzures, Phe patient had a series of tebrile convulstons im childhood and was well atter 
this until age 14 when he began to have bis tirst psvehomotor serzures. Phese consisted 


of periods of stopping, staring, and mumbling to himself) woutd last one to 


Case ALE. G. 


G-7 J 


7-18 


Gas tracings at operation show spiking: discharges at 
electrode 


and after this, the vould be drowss dia cone con 
vulsion since adulthood, and this was a Phe psvehometor serure however 
occurred at a drequen oy of one to three per month the psychomotor sermures he 
sometimes merely stood and stared The patent works an the textile taetory 
he attacks were evideticed by ce ation ob activity when he wa tackine 


hone. or computing figures There was a lapse of 


Fasting: usually between one and three muanute Thies alinost like petit nial 


anid t 


ol thre telep 


absences: however, om rare occasions, he would mumble and make some mrelevant 
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statement, such as, “What are we doing?” and for this he had total amnesia. On a few 
occasions he has carmed on motor activity such as stacking materials in the wrong 
place, or he has mixed the manutactured products which he was sorting for sizes 

\dequate medication with phenobarbital, Dilantin, Mesantoin, Milontin, and 
Mysoline all tailed to effect a permanent freedom trom seizures. Hach new medication 
for a time caused a transient decrease in spells, but they soon recurred at the usual 
frequency of several per month 


Past history. The family istory is negative tor epilepsy. His birth and development 
were normal He as the second 
birth order. There have 
been no undue illnesses except 
that he had whooping cough at 
the age of two, and at was dur 
ing this episode that he had 
his first convulsive seizure 


Physical examination re 
vealed a well-developed, well 
nourished male. The ypeneral 
physical examination was en 
tirely normal The neurologa 
cal examination was also net 
mal 

2. (Case ROB.) The size of the bone flap is 
indicated by a broken line. The placement the 
electrodes over the exposed cortex ts indicated hy 
numerals. The stippled area around electrode 6, site Blood serology and 
of spiking focus, was removed at operation sugar were normal Skull films 


The usual laboratory studies 


on blood and urme were all 


were normal Phe spinal fluid 
examination was clear and colorless with an opemmg pressure of 120. contamed 
lympho and 50 of total protem Collomdal gold sol was Spinal 


fliud serolopy was nepative 


Twenty clectroencephalograms have been performed over the past five 
vears. records presented no abnormality, while in the other sixteen 
there was a right temporal focus with spiking discharges. The foets was 
also evidenced in the readings from the right ear electrode. “The pneume 
eneephalogram: showed no disproportion between the ventricles, and there 
was no displacement of the ventricular system. Tn view of the persistent 
clectrocncephalograplic focus, the definite psychomotor type of seizure, and 
the failure of anticonvulsant medication, at was deemed advisable that the 


patient undergo surgical mtervention. On Mareh 1954. the lateral sur- 


face of tas cerebral hemisphere was exposed, electrodes were placed ina 


seattered fasion over temporal, parietal, and frontal lobes. There was ne 
abnormal electrical activity except electrode No. 6 1). This was on 
the first temporal convolution near the base of the Rolandie fissure (hag 


2). area was stunulated electrically electrical stunulation at volts, 
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a0 eveles at region of electrode Noo produced a period at suppression ol 
electrical activity which Tasted some twenty minutes (Pig. 39. Ne apparent 
change im the state of consciousness was evident to the anesthestologist dur- 
mig this stumutation. Phe patient was asked te cont, and this regron was 
again stimmtilated electrically. This caused the mnmediate cessation of count 
me. Phe patient made a grunting, guttural noise about twiee the duration of 


tyne he usually requires ta say two digits, and immediately upon cessation 


before 5 min. later 10 min. later 


{ ( 


‘ 


3. (Case Ro Boy before and after stimulation Cusing 4. 5 see. and 
cveles) at electrode 6, or temporal suppressor area Note decrease in aetivity. tive 
atter stimulation wath considerable return of activity ter manutes after 


of stimulation, the guttural noise stopped. He then took up the: Last previ 


ously mentioned miumber, We were mterested seemy whether imdnuetion 
of sleep would alter the activity of this area, and he was given S aml at 
solution of Pentothal rather rapidly: there was immediate rapid 
hing activity of voltage sprkes about to G per second and 
klv te 20 to 25 per second. These sometumes lasted three 
te four munutes. This response to Pentothal occurred on three Separate 
triads seattered over a period ot about an hour 4y 

‘The electrodes were moved to cover different areas of the « Sposed Cortes 


and Pentothal was found to produce the abnormal discharye only from the 


1-6 

15 12 

6-7 
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reyion ot this one electrode. This area was excised, and after the excision 
no further electrical abnormalities could be detected, The removal was ly 
ubpial Neither electrical stimulation nor Pentothial produced 


further discharges this area 


CONCLUSIONS 


apparent that there is a suppressor area the temporal cortex ot 


the dugher primates and that this can be shown previousty has 


Before 3 min. later 10 min. later 


4 


15 


- 


(, betore and atter Pentothal activation or the serure 


been shownoan repard to area \We beheve that we have now demen 
trated suppressor area the temporal lobe, not only an the 
but also un Phe sevures can be ehemed trom this area mi the 
monkey by electrical stimulation in the awake state and by the production ot 


chrome experimental epilepsy. in at least an occasional ease such as 


ours, the temporal suppressor area may be the site ot the epileptogenre focus 


no detimte chimeal seizure was apparent as a result of electrical 
stunulation, we stl wondered whether there might not be some activity that 
Was escaping our notice and hence the mtroduction of the counting tech 


mique to see whether there was a transient: disturbance of conserousness 


: 

~ 
4 

= 
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Phe Fespottses ol thie patient the cessation ot counting. the vuttural 


Heise (tor which he stibsequently that this wa 


also ao omiatter ot SUppresston We do not feel that this could he a 
af speech. although from the experiment we have at hand 


feel that we can draw anv firm conelusion on thts poornt 


Phe possible role of suppressor cortex in serure. certamly 
it and miter sting challenge. would be 


ter threat all povehometor im 
are even though so psvehomotor serzures have then 
absence. ocens 


wi] have psvehomotor absenees 


indeed cifticult to differentiate from petit nial epilepsy on 


me hand, or, when it oecurs in pure culture in older patients, trom other 


lent epileptovenn 
Phe ease with which the temporal suppressor reeion any thi 


tent ts explamed on the basis that this region was firiny aneousty 


and was located in a repion corre sponding to that am our 


studies. “The spontaneous firming called attention to the aren 


and there was no need for a laborious seareh 

Phe teniporal SUppressor are; aN atsed the primers 
of the seizure discharve Ultimately brine 


toree te bear the serzure 


ved tron this dial 


trie there 


SU NMEALARYS 


addition tor thie eribed of thre corte 


there as stuppresser moot the temporal lobe whichis in 
| 


Pleo 


Wothe Rolandie fissure ane. conte 


produces aente seizures and decressed 
Which we preter to call SUppressor seizure 

appropriate methods ot producmy chrome epilepsy. at po 
prodiuce epilepsy these the pattern beanie 
the suppressor type and the bram wave pattern showing suppression 
following abnormal spaking 


tote 
rea 
thi: 
False s \t thas Is WO te thy tien 
tain Wy vee ep j 
he called area 42-5 
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Phe Suppressor area of the temporal lobe qian 
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he cerebral cortes 
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De of Research 
WILLIAM GIBSON | of British Columbua 
Canada 


THE UNDERGRADUATE ACTIVITIES OF SOME CONTRIBUTORS 
TO NEUROLOGICAL SCIENCE 


“Por many reasons itas desirable that a medi 
arly dus career te the front dine trenches 
discovery. Let him reahve that men as vouny 
contributions that de Graat at 23 years of ape devised the first pan 
fistulae: that Helmholtz at 24 measured for the turst 
treg muscle; that Johannes Muller at 25 had enunciated the principle ot 
pectic nerve energies: Let him discover that simple tact 


al student be conedtueted 
of medal and: ply siolopreal 


the Treat prodtie tron 


vere once on 
aotoy oot faulty observation and faulty reasoning, and that ato owa 
the enquiring: minds of students Tike thet clear” 


button’ 


Inone branch of medieme as toh applreable than 
mi that dealne wath the nervous paper attempts to bring 
lustorneal perspective: the undergraduate apprenticeship ob a number ot 


neurological proneers no longer diving. some cases the students mest 


pation Was related to his later contributions to neuroloyy: as in the case of 


Sherrington, Claude Bernard, and Pavlov dn others, such Chareot, 


Romberg. and Magnus, the undergradmate thesis or contribution was ana 


field other tham neurology 


students history cam have made such as 


that by 1776 when he saw for the first tune the “white 


Which characterizes the ocerpital cortex of the Dram owas this 
finding which fired the ob generations of researchers seeking a 
Spee vehized cortical structure to mately eaeh cortical tunetpan. 
descriptions of chiethy by dias Inogvrapher Miao, sageesr an open 
handed student who shared las small bursary wath the meigent ane wath 
comparions bor purposes, however, the interesting 


of Gennart was has cuneosity about the structures whieh he saw a 


Cararcdy 


he for thre prote pathology tl Pavia le 


a ot the great Morgagi 


was suthierenth observant 


wathit ventricles of brams of frozen 


alse that icicles formed 
! 1 

cidavers, correctly surmise 

il Consultant, Crease ( | tihale, ¢ 
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that the cerebrospinal fliaid between the cerebral cortex and the meninges 
served to cushion the brain against outward shocks, Gennaris tne was dis 
covered independently by Samuel Sommerring, that remarkable genius 
Whose graduation thesis im medicine put forth the classification of the 
cramal nerves which was to displace that of Thomas Wallis. 

hitty years after Gennaris discovery Bravats. in dis Paris thesis,’ 
deseribed local motor convulsions, and thus a further stage in the localiza 
tion of cortical function was reached. In 1836 another student, Mare Das,' 
wrote his thesis on the occurrence of lesions of the left hemisphere in cases 


of aphasia. This delineation of the speech center in the deft hemisphere im 


night handed persons was another major milestone. Dax was an enterpris 


student and actively searched for a right-hemuspheral lesion ina right 
handed aphasic. The best proof of his theory, possibly, was the fact that he 
was unable to find such a case. 

The subject of aphasia knew no greater students than Sir Henry Plead 
and Pierre Mane. Head began dis undergraduate contributions to the 
neurological literature by writing a paper on the action potential of nerve! 
From laboratory at Halle, the scene of Volkmann's unwitting dis 
covery of the cardioanhibitory action of the vagus, Plead) published. im 
ISSO, a Jonger study on the respiratory effects of the vagus nerve. 

Mare, on the other hand, wrote his first paper i the field of endocrimel- 
ovy, andoin dis graduation thesis at the University of Paris in gave 
the first deseription of the tremor of thyrotoxteosis.” Similarly. the great 
Charcot, a pioneer in cerebral localization, wrote dias graduation thesis 
Parts in on affection deserbed under the names of primary 
astheme gout, nodosities of the jomts, and the promary form ot chron 
articular rheumatism” 

Yet another proneer inthe parcelation of cerebral finetion was Constantin 
von whose early mterests were endocrinological, \s 
an undergraduate medical student aim Vienna he wrote a paper on the 
tary glands birds under the guidance of von debner. 

leven phrenology had ats student contributors a the persons of Niele 
and Spurzhenm who assisted Gall am lis studies! 

Phe carhest use ot procedures in the study oof cerebral evto 
arclitectomes was that of Rudolph Berlin At the age of twenty five. in tn 
graduation thesis at dorlangen. Berlina deserthed the pyramidal, spindle, 
and granular cells. Turning to gross anatomy we find Frederick Mechel 
publishing dias graduation thesis 1748 on the sphenopalatine 
Which he was the tirst to deseribe, also find the student Plirseh 
the Gasseriin ganghon a honor of his teacher, Johann 


Gaasser of Vienna, in 17635. (Phere are few cnough imstanees of this in the 


he 

a 
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history of medieal teaching.) The romantic Santiuge Ramon v Cajal, prior 


toentermng upon the study of medicine proper, was working on an atlas of 


osteclogy, the specimens having been procured by grave robbing expeditions 


company with his surgeon father Spain, 

Sir Nactor Horsley was a prolifie writer as a medieal student. leven 
hetore entering medical school he was, like Osler, dissecting annals, work 
mg with the microscope, and grinding his own sections of bone for study 
Wile a medieal undergraduate, Horsley addressed the Students’ Medieal 
Society at University. College, London, on his own researches. The first 
paper was entitled: “On the endings of the tendons im the rat's tal The 
second communication, awarded a prize of £5 by the students, was “On 
the terminations of muscular fibres: and a note on the structure of inter 
vertebral dises.” undergraduate activities were prodigious. He 
wrote on dress reform for women, provided Gowers with drav 
ings of the relations of the spmal nerves to the vertebral columm and 
Bastian with two plates tor dis book, as an organ of the mind 
Sis months before graduation Horsley wrote with Bastian an 
paper, “Arrest of development the lett upper assoenition wath an 
extremely small right ascending parietal convolution good 
Horsley also carned on some bacteriological research with Po Wo Mott 
Horsley was known to lias classmates as Germ beeause of his beac 
tertology, “The Vulture beeause he expected to get post mertenis on all 
Ins cases, and Allright’: for lis optimism. crowded 
and brillant student career was but a quiet prelude to a heete, creative. ane 
varied Ite as the founder or neurosurgery, and as political candidate, 
relormer, researcher, and soldier he plunged into the Gsreat War, in 
Which he was to die, he told Tis wite: worry about 
matter, Pcant live tor ever. the vounge that matter 

the held ot the students Remak and Pbelmholtz began wath 
the nervous svstem, while Kolliker and Wadler miade therm earher eon 


tributions other tlelds. to mote 


all Were con 
temporaries. Robert Renal 


Johannes Midler. ane 


fibers am the on 


a protege aft the 
fittest 
Ve TeRCT Kemah’ 


fibers” In _ two vears bet 


describing these structures 1 Ale Near 1X37 
fibers in qournial ‘ is thre 
the tune Remak graduated trom Berlin 


the transmitting partoot th 


lattes 
te 
then 
that the 
nerve tibers spring frome nerve cells: Ce) that there are unmvelmated fiber 
the svinpathetre nervous svstemy Cand postulated that the: 
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svinpathetic ganghon cells). and that yanglon cells exist on the walls 


of the heart and in the mitestines im men and the lower animals. He opened 


lis thesis with a quotation from Francis Bacon: “Neither manual work 
tlone nor unchecked by facts worth very much.” Phe under 
yraduate contributions, important as they were, soon were overshadowed by 
the Tater discoveries of this neglected figure in the history of medicine. Ee 
Was a tdorerunner of many of the doctrines which we take for granted today, 
Kolliker insisted that) Remak deserved the credit: for the view “omimis 
cellula” Remak’s views on the central representation of the 
autononne nervots system) have a modern ring. Elis work on the cervical 
svinpathete antedates that of Horner by fourteen vears. He was the first te 
desertbe correctly the villiot the mtestines, pulsus paradosus, the cell as the 
unit and the trac morbid histology of the lung in pneumonia, 

Hermann von Helmholtz (1821-1804). an has graduation thesis of 
confirmed Remak’s findings concermny nerve cells as the origin of nerve 
fibers. This he did on aivertebrates. Prior to graduation Helmholtz alse 
read a paper on venous tumors to his Army Medieal School colleagues im 
Berlin. the same vear Albert von Kolliker (1817-1903), as a result of 
lus nvestivations during the summer vacation wrote a thesis on the sexual 
pliystology of vertebrates tor the degree of Doctor of Philosophy at Zurich 
He qualified im medicine a vear later at Heidelberg. 

Augustus Volney Waller of °\Wadlerian degeneration” 1870) 
began researches while a medical student in Parts by developing the 
preparation of the living frog’s tongue for microscopre study of diapedesis 
or “Perforation of the capillaries by the corpuscles of the blood. This 
“une preparation served eventually tor lis great work on the degeneration 
of nerves peripheral to ther pomt of section. Waller was a pioneer 
branches of neurology. Tle foreshadowed the vasoconstrictor role of the 
cervical svinpathetic at the same tune as did Bernard and Brown Sequard, 
andin discovered the trophie influence of the retina on the optic fibers, 
ten vears betore Gudden's pubheation 

Student contributors psveluatry may have been few, but they became 
the pillars of this branch of medieme. de €1772 1840), the 
laverite pupibot Pinel, wrote his graduation thests im P8035 on Les passions 
considerees comme ciatises, svinptomes, et movers curatifs de Palenation 
mental” Phe tide was beginning to turnin the vast sea ot torture and abuse 
to whieh mental patients had been submitted. The lashing and chaming of 
patients and the “non aigurious torture” presertbed by Rei such as shoot 


mg off cannon and ducking patients ai water was bempy replaced by 


\ 


Pinel s humane approach. Tesquirols thesis was attempt to clarity the 


role ot the enmiotions mental 


= 
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The versatile August Forel (1848-1931) was publishing papers on ants 
When he started medical school in Zurich in and also when he retired 
from his professorship in psychiatry there thirty-two vears later! Elis lite 
as an entomologist dates from the age of seven. His interest im psyveluatry 
began when he fell under the spell of his teacher, von Gudden. Forel’s 
doctoral thesis, begun in TS7P and written under the guidance of Mevnert, 
was concerned with the mammahan optic thalamus. greatly to the 
credit of Mevnert that although he disagreed with many of lorel’s con 
clusions, he had the thests published ino the Proceedings of the Vienna 
Academy of Sciences. 

The name of Sigmund Freud stul makes the more orgamteally im 
neurology shudder. Tt allay their fears to know that as a medical 
undergraduate Freud contributed some of the baste facts im neuroanatomy 
which we use daily. At the age of seventeen he entered the University of 
Vienna, not to study law, as onpinally planned, but 1876 
until his graduation im worked in the Laboratory of Physiology of 
ernst Brucke while contintung the medical course. Phe first study set 
by Brucke concerned a larval of the early vertebrate, Petromiy zon. 
One might speculate that this was the begimming of Freud's thinking con 
cerning: phylogeny and levels of development and of funetion within the 
nervous system 

On January 4, 1877. Bracke communmeated brend’s first paper to the 
Vienna Academy of Secrenee. was entitled “Spinal gangha and the spinal 
cord of Petromyzon” and was dater printed, bemy twelve pages length 
and accompanied by a color shite. In the study was elaborated one 
ofeighty pages and tour plates. He clearly showed the derivation of um 
polar, posterior root) cells trom bipolar, sensory cells am this 
species. Ttmight be noted here that Freud was no newcomer to the tleld of 
comparative neurology, having spent the summer of T876 with Protessor 
Claus at the Pnstitute oft Comparative Anatomy \oenmna and the 
Zoological Station at Prieste 

Freud was one of the lesser forerunners of the “neurone theory as at 


came to be called in Germany. summers of and he worked 


on the nervots system ot the fresh water crab and emphasized the finely 


neurofibrillar structure of them asxones, He was also by the 
larity of the pattern of the nervous system in invertebrates and vertebrates, 
From Brucke’s laboratory, alse, Freud published his papers on the tract: 
and nucler within the medulla oblongata, At about the same pertod C1880) 
he translated mite German the book by John Stuart Mall, 
of brend’s co workers in laboratory had equally broad 


interests and published on such subyeets as collateral minervation, the 
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of cell nuclei, corneal minervation, and the conception of movement and 


space, as wellas on “the nature of the psyelical process.” 


The field of neuropathology boasts a trio of distinguished student mvest 
yators im Schilder, von Monakow, and Nissh Paul Schilder, disciple of 
the physiologist and Laurenz Muller the philosopher at the Univer 

“Bry of Vienna, published his first paper on a neuropathological subject 


before graduating at aye twenty-three, 

Constantin von Monakow €1853-1930), who became a leader in the theld 
of neurology and whose life has been so gracefully portraved by Colin 
Russel was a student who fled from the wax models of neuroanatomy 
after attending only three lectures, to be caught im the mesmerizing web ot 
neuropathology. As a student of psvelnatry on Plitzig’s wards at Zurich, he 
was allowed to work over the neurological specimens from) the autopsy 
room, Where in dias sixth semester he started on histological studies on the 
brain an dementia. Interestingly enough he ivestigated damage the 
cerebral blood vessels, the brain cells, and liver in chloroform: poreoning. 
Hitziy, who had just discovered the electrical excitability of parts of the 
cerebral cortex, was so impressed with von Monakow’s organizing ability 
asa student that he sent him on a tour of ivestigation and study of mental 
mistitutions. Mumich, von Monakow saw von Gudden's anatomical 
methods, his microtome, and his set of serial sections of the human brain, 
This fired his imagination, as he pictured the possilihties of applying retro 
yrade degeneration techniques to cerebral pathways. later discoveries 
bear out the thesis that a student can be stimulated to do original research, 
viven the means. 

Franz Nissl (18600-1919) made his first contribution at the age of twenty 
four when, in dus graduation thesis, he analyzed “The pathological changes 
of the nerve cells of the cerebral cortex.” The work was recogmized by his 
Ciiversity Munich with the award of a special prize. Such was his 
student reputation that he was taken into von Gudden’s Tnstitute and given 
a daboratory and assistants immediately upon graduation, 

Turning now to the chineal neurologists who distinguished themselves as 
undergraduate researchers we find a large group mdeed. \Wailham Osler 
(TS49 1919). Canada’s first neurologist, was already a prodigious worker 
by the time of his graduation im 1872. In 1869 he had written a delightful 
piece Hlardwicke’s Sctence Gossip entitled “Christmas and the micro 
scope” As an undergraduate at Poronto, Osler published im his tirst 
scentifie contribution on “Canadian diatomaceae.” Ele also experimented 
with rabbits, trying to imfect them with the trichinae found in the cadaver he 
was dissecting. On transferring MeGall University, because of the elim 
cal material available at the Montreal General Hospital, Osler became an 


a 
. 
4 
q 
278 
4 


ndergraduate contithutors to neurology | GIBSON 


undergraduate pathologist earnest. One of his earhest student. post 
mortems Was on an miteresting case of “paralysis with aphasia.” Ele pre 
pared the gross and nueroscopre pathological speemnens and report ona 
case of mammary carcinoma. graduation thesis on pathological anatomy 
was of such excellence that it was awarded a special prize by the taculty 
later neurological interests were wide and meluded “the bram as a 
thinking organ.” the bram of the seal, ghomas of the retina, cerebral 
aneurysms, tuberculous menmyitrs, anencephaly, frontal lobe injuries, the 
brams of criminals, chorea, convulsions children, progressive muscular 
atrophy, tabes, Lacksoman epilepsy, and “the cerebral palsies of children.” 

The distinguished French neurologist and editor, Edouard Brissaud 
(1852-1909), wrote his graduation thesis on the contractures found an 
henuplegies. He pomted out the relationship of lestons of the pons to vars 
inv degrees of the disease. Claude 1945), 
wrote a remarkable graduation thesis on the etfeets of imyecting 
toxins such as that of tetanus ante the liver. The resulting: venous throm 
hosts opened up anew approach te the eause ot multiple sclerosis. Pls study 
also imeluded the kidney and the nervous svstem. For his thesis he was 
awarded a gold medal by the hospitals ot Paris. Clande had all the qualities 


of the sound internist and was interested renal funetion ane sodium 


retention, the role of the thymus gland in mivopathies, autonome repre 


sentation am the the measurement of cerebrospinal third 
pressure, and in seluzophrema, On succeeding to Charecot's cham he gave a 
great mmpetus to the development of preventive mental health services ane 
the use of psveluatrie socal workers 

Nnother pioneer in multiple sclerosis was Babinski 1932) 
His graduation thesis at the University of Parts was a study this 
disease, 

Inthe field of hereditary diseases of the nervous system two names come 
toomind, Karoly Schatter 1939) and George Huntington 
Schatfer’s first paper, published while an undergraduate, was on the 
route ol transmission of the virus in rabies. George So at the 
age of nine, was already a student of the type ot chorea today associated 
with dis name. As he made rounds wath has grandfather and father am ther 
practice Hampton Long Psland. New York. he reeorded 
Mpressions of the unforgettable patients attheted wath this poorly recog 
mized ainess. Wath the prolonged apprenticeship in iedieme which this 
vouth served en famille wos hitthe wonder that he was able to write, a fess 
months following his graduation am a paper of whieh Oster sand, 
is a elasste and has searcely been improved upon since it was 


set down.” 
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It is impossible to leave the clinical neurologists without) commenting 
upon the unusual theses of two of them, Hermann Oppenheim (1858-1919) 
wrote his doctoral thesis in T&8)oon the metabolism of urea, a subject on 
Which he had already published three papers. M. Hf. Romberg (1795-1873) 
yave Us lis classic description of achondroplasia in his doctoral dissertation 
in Berlin in 


Finally, in the realm of neurophysiology, we see some of the most pro- 


ductive and original minds in the history of science. Charles Sherrington, 
Claude Bernard, Ivan Pavlov, and Walter Bo Cannon surely were of that 
rank. There were others, such as Magnus, Brown-Séquard, Donders, and 
Raynaud, who also gave great promise in their undergraduate researches, 
Maurice Raynaud (1834-1881) gave the first description of the sympathetic 
nervous system disorder which still bears his name. This he did in his 
medical doctoral thesis “On local asphyxia and symmetrical gangrene of 
the extremities” in T862 Paris. Raynaud followed up his undergraduate 
work during the remainder of his short life of forty-seven years. He has 
left us, also, a dehyhtful account of medical education Moliere’s time. 

Cornelius Donders, the great Dutch forerunner in the theory of evolution 
and in the Jaws of the conservation of energy, was an early contributor i 
the neurological field. Having completed his medical course at Utrecht too 
young to be graduated, he transferred to Leyden and there presented his 
doctoral dissertation on the pathological anatomy of the nervous system 
He never strayed very far from the nervous system and made his best 
known contributions im ophthalmology and color vision. Elis papers 
cular work and development of heat im relation to the necessary elements of 
food,” “The influence of the vagus nerve on the cardiac movements,” and 
“The chemical phenomena of respiration” are of great interest. He 
counted among his admirers Jonathan Hutchinson and Hughlings Jackson 

The brilhant and erratic Charles Edouard Brown -Sequard (1817-1894) 
wrote his graduation thesis at Paris in PS846 on “Recherches et experiences 
sur da phystologie de la moelle epimere.” at this stage in his career he 
Was Investigating the crossing of the sensory tracts in the spinal cord. Uli 
thesis was based on extensive work on birds, maminals, and cold-blooded 
vertebrates and showed that the views of Sir Charles Bellon sensory tracts 
in the cord were i need of modification, 

The many-sided genius Rudolf Magnus (1873-1927) was student 
researcher of note. Elis undergraduate work was not neurological, but 
rather concerned a method for the measuring of blood) pressure in an 
exposed artery. Ele presented his early work before the International Con 
gress of Physiology at Bern im and elaborated on this subject in his 
doctoral thesis upon graduating from Heidelberg in 18s. 
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Pavlov’s very full life as.an investigator in neurophysiology began in the 
Veterinary Institute of the University of St. Petersburg. His first work was 
on the nerves to the pancreas and his second on the production of a perma- 
nent pancreatic fistula. He carried this forward while a summer student im 
Heidenhain’s laboratory in Breslau in 1877 and published his results. in 
IX78. The outstanding Russian clinician, S. P. Botkin, organized a little 
laboratory for climeal research and placed Pavlov in charge of it even 
before his graduation in medicine. Pavlov’s biographer, Boris Babkin, has 
written: “This is in truth an amazing fact—that a recently graduated 
science student, who had not yet finished his medical course and who him 
self should have been studying under another, became the director of scien- 
tific Investigations in the most famous clinic of internal diseases in Russia.” 

Lake Pavlov, Claude Bernard began and ended his long research career 
with investigations on the neurophysiology of the digestive system. While 


a medical student on the wards he saw a case of facial paralysis. This stimu 


lated him to investigate the distribution and function of the chorda tympani, 
a subject to which he returned over and over again throughout his life. His 
doctoral thesis, published in Paris in 1843, described the secretion and role 
of the gastric juice. It was this work which almost brought Bernard's 
career as an investigator to a close, for one of the dogs, i which he had 
placed a gastric cannula, escaped and returned to its owner — the local com- 
missioner of police. Itas a tribute to the talents of Bernard that he was able 
to pacity the official, who thereupon became his chief benefactor and animal 
supplier! 

Walter Bradford Cannon was riding ina Boston train one ausprerous 
day early in 1896 when he heard aman say, “They have made a new inven 
tion by which they can look myht through people” Within a day Cannon, 
a first-vear student in medicme, was at the door of Professor Bowditel ask 
mg af he might experment with Rontgen’s new waves study of 
swallowing and digestion. By December of the same vear Cannon was able 
to demonstrate to members of the American Physiological Society the 
gastric motility of animals fed with bismuth submitrate. beventually he came 
Upon a eat ofa special kind. Tt was so angered by the proceedings that all 
gastrointestinal movements had ceased, This was the eritical case which 
turned Cannon into his best known field of endeavor, that of bodily changes 
pain, hunger, fear, and rage. His voluminous works on the ner 
vous system established the mechanisms which regulate Claude Bernard's 
“niheu 

Finally we come to “the philosopher of the nervous system.” Sir Charles 
Sherrington (1837-1952). [thas been truly said that as Harveys was to the 


circulatory svstem) so was Sherrimpton to the nervous system. long tite 
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of ninety-five years spans so much of the modern history of neurology 


mcuding almost all of neurophysiology that itis impossible in this paper 
to encompass much of it. His earhest writings concerned structure and 
function in the nervous system of a dog demonstrated by Goltz at the Inter 
national Medical Congress in London in P88). While still a medical under- 
graduate at Cambridge, Sherrington wrote two papers on this mteresting 
subject with the assistance of Jo Langley. 

The methodical analysts of the complexities of the nervous system: which 
characterized all of Sherrington’s work is evident even in these undergradu 
ate writings, [tas too rarely appreciated that Sherrington was not only a 
physiologist, he was an expert histologist, anatomist, and pathologist as 
well. He served as a Demonstrator Anatomy while student at 
St. Thomas’ Hospital Medical School in His histological preparations 
are not well known because they were often deleted from: his papers by 
editors of physiological journals. It was Sherrington’s grasp of neurohistol 
ogy Which enabled him to fathom Ramon y Cajal’s early papers. [t was also 
his facility in Spanish, learned on a cholera research expedition to Spam in 
IS8S5, which saved some of Cajal’s efforts from oblivion, That isolated and 
locally ridiculed prophet distributed his early reprints to the crowned heads 
of mean effort to have Spanish scrence recognized, was Sherring 
ton, as Secretary of the Royal Society, who brought Cajal to London im 
to give the Crooman Lecture on the neurone theory. Sherrimyton 
prepared some excellent: photographs of Cajal’s silver stamed preparations, 
but Cajal would not use them. He he wanted the assembled scientists 
to look inte the microscopes provided to satisty themselves on the seemingly 
fantastic revelations of which Cajal was speaking. 

Sherrington’s influence on neurophysiology and chineal neurology has 
heen determinative. Philosophy and psychology have been changed by his 
scientific yeneralizations, Ieven the language of our science derived trom: his 
pena pen at home im verse, biography, and statesmanship as well, he 
was, as Sir Russell Brain has written, “the most modest of men, who felt, 
hike Newton, that he had done no more than pick up a few pebbles on the 
shores of the great ocean of truth.” 

Osler used to say that he took pride in having brought Sherrington to 
Oxford in as Wayantlete Professor of Physiology. Little did) Osler 
know what a bibhophile he had imported! In Sir Charles loaned dis 
first edition of Deseartes’ De homme (1662) to Osler, Requiring at for a 
quotation (two vears later!) Sherrimyton called Osler’s house im 
Norham Gardens tor ait. was amused to read in Osler’s hand the imserip- 
the first page: “Given tome, August lo, 1914 by CoS. Sherrington.” 
Sir Charles mimediately wrote below ats “dex Oster 
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and replaced it on the shelf. When Sherrington, Wo Franers and John 
Fulton were going over Osler’s books prior to shipping them to 
University in 1926 this Descartes item was found. This was not the first of 
Sherrington’s treasures to come to Canada. In 1915 he presented to the 
library of the recently founded Cmiversity of British Columbia his copy of 
Bidlog’s Anatomy (1685), which had belonged at one time to Nicholas 
Hawksmoor, the architectural clerk of Christopher Wren. Sherrington had 
iomseribed by tis triends who passed through his laboratory in that vear, 


including Osler, John MeCrae, Gowland Hopkins, Walter Raleigh, and 


Robert Bridges. This great tome was followed im 1938 


Valla’s /leganee in Latin, published in 1476 in Vemee. This was iseribed 
by him. as he satin his little rotating sunhouse at Ipswich 1938) as a 
memorial to his early assocate at Cambridge, Frank barrehild Wesbrook, 
Who later became the first President of the University of British Columbna. 

Thus we come to the end of this all too-hasty survey of the student years 
ofa group later distinguished in the neurological sciences. Ata time when 
John Fulton's twenty-tith anniversary as a professor at Yale is bemy cele- 
brated it may be worth remembermy that Fulton himself was a student 
contributor, essayist, and Iibhophile. In the years 1930-19535 he opened his 
laboratory, dus hibrary, and otten his purse to students who wanted te 
pioneer with ther own investiyations, however insignificant some might 
feel them to be. The tradition so long established in neurology mist not be 


allowed to die. 
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DIENCEPHALIC MECHANISM OF CONTROL OF THE URINARY BLADDER 
OF THE CAT? 


It has long been known that at the level of the nudbraim pontine junetion 
there is a neural mechanism essential tor nueturition, Contraction of the 
urinary bladder in response to mereased mtravesicular pressure ts abolished 
in the cat following a subcolheular, but not atter an intereolheular decere 
bration. Electrical stimulation of the brain stem at the level of the inferior 
colliculus evokes bladder contraction whereas bilateral chrome Jestons 
this area results in making cats meapable of completely emptying the blad 
der, ‘These experiments led Barrington to the conclusion that this area con 
stitutes a reflex nueturition mechanism. The presence Barrington’s 
nucturition center im the brain stem: has since been contitmeds Tn recent 
vears, however, many investigators have stunulated more rostral portions of 
the bram and observed contractions of the bladder, These reactive regions 
are the rostral portion of the nudbraim, and the posterior anterior 
hypothalamus. septum pellucidum: and medial preoptre area, the putamen 
and pallidum and the area around them as well as the genual gyrus. and 


the cruciate suleus. bach ot these areas deseribed ts un proximity to another 


reactive area, and therefore atoas ditheult to determine whether resporses 


obtamed by stimulation of the hypothalamus are due to excitation of cells 
fibers constituting a descending pathway. Pt ois the purpose ot this 
Investigation to clarity this pomt by comparing the bladder respotses 
obtamed following electrical stunulation of the meats 
chrome lestons at the preaptie devel wath the responses obtamed an 


normal annals. 


Research \ssistant 

Protessor ot Physiology 

{ investigation was supported by a research prant, B3l trom the 
National lostitute ot Neurological Diseases and Blindness, ( ~  Puble PHealth 
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METHODS 


In a series of 32 normal adult cats under chloralose (70 mg/kg. body weight, 1p.) 
or pentobarbital sodium (36 mg/kg. ipo) anesthesia, the diencephalon and midbrain 
were electrically explored pomt by pomt through stereotaxically onented concentric 
electrodes for bladder responses. The current was supphed by a Grass model S4 stimu- 
lator, which gives rectangular pulses. Stimult of 2 to 6 volts, 2 to 60 per sec, and 
LO msec an pulse duration were routinely used. The bladder was exposed through a 
abdominal and a plastic cannula amserted into the urethra and passed 
up ante the bladder. In most experiments changes in bladder pressure were recorded by 
means of a water manometer, and gn a few experiments by means of a tambour An 
attempt was made to keep the iitial pressure within the bladder at 60 to SO mim. ot 
water at the beginning of each experiment. Blood pressure was recorded trom) the 
femoral artery with a mercury manometer, and respiration by means of a pueumograph 
and tambour arrangement 

In Td cats, electrolytie or radioactive lesions were placed in the preoptie region wath 
the aid of a stercotaxie mistrument.* Pentobarbital was used for anesthesia The elec 
trolytic lesions were made in 4ocats (63, 64, 67, and 6&8) by passing a direct current 
of ma for 60 sec. through insulated bipolar clectrodes wath the tips exposed tor a 
length of about one centimeter 

Lesions with amplanted radioactive substances were made in the other 7 cats. In eat 
three plass radon seeds (O4 mimo an diameter, 6.00 mm. aa length, and each con 
taming O02 were mmplanted ina row across the preoptic areal Radon emits 
both beta and gamma rays and has a halt lite of 385 days. In three cats (36, 37, and 


S84), three rods of radioactive palladium’ were deposited in the preoptre area ot each 


cat with a specially built attachment for the stereotaxie iistrument+ Three palladium 
rods mmoan diameter and S length) were first encased an polysterene 
block through which three parallel holes had been drilled tor them. Phe block was then 
subjected to neutron bombardment at the Brookhaven reactor, At the time of opera 
tion the polysterene block was mounted on the attachment, and the radioactive palla 
dium rods were deposited in the preoptre region. bach was estimated to have 2.0 
of beta radioactivity with a halt dite or 13 hours. Palladiumy spheres were used 
41, 45, and 48 Pwo palladium spheres (10mm. an diameter, with 2.0 milleuri 
radioactivity each) were placed ain the preoptic region with a moditied stereotaxt 
technique, see Boyesen and Campbell). Lesions produced by radio 
active substances were slowly progressive and were usually not maximal until 3 to 14 
days had elapsed The common charactertstie of the lestons an all cats was that they 
eparated the liypothalamus from the telencephalon at the level ot the anterior com 
mussure. After periods ranging from three weeks to two months, the cats were anes 


thetized with chloralose and the normally reactive areas im the hypothalamus and mid 


*Lederallin Parenteral was used during the postoperative recovery period, and the 
antibiotic was supphed to us am generous amounts by Lederle Laboratories Division. 

# We wish to express our gratitude to Dr. Harald Hh. Rossi of the Department of 
Radiology, Columbia University, for his helpful suggestions in designing the instru- 
ment, and to the Engineering Department of Becton, Dickinson & Co... Rutherford, 
for constructing the first: pilot: model 


t We wish to express our appreciation to Dro Svein Boyesen for preparing these cats 
with lesions produced by the radioactive palladium spheres. 
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brain were excited using the same technique as in the control experiments. At the end 
ofeach acute experiment, the brain was pertused with neutral formalin, and sub 
sequently embedded in cellordin and sectioned at a thickness of 25 uo Selected sections 
were stamed with a Naisst or Weil stam and examined in order to determine the extent 
of the lesion and the location of poimts from which contractions of the bladder were 
eheited, 


Pneumogram 


120 Arterial Pressure 


100 


2 3 


hig. 1. Bladder responses following stimulation of the medial preoptic area wath low 
frequencies, Cat 9, weight 28 kyo Pentobarbital anesthesia. Respiratory movements 
recorded with pneumograph and tambour, arterial pressure with mereury manometer 
connected to the femoral artery and bladder pressure recorded with water manometer 
lime marker, [O-second intervals 


\t 1 Stimulated with 5.2 volts and & per second 

2 and 3. Frequeney reduced to 4 and 2 per second, respectively. The response at 
S resembles the spontaneous contractions of the bladder 

\td4 Repeated at pes second, a large contraction of the bladder was obtamed 


RESUEES 


Bladder responses in normal cats. appeared that under chloralose 
anesthesia the urmary bladder exhibited spontaneous changes in tone more 
often than under pentobarbital anesthesia and was generally more reactive 
upon central stimulation. The responses this eheited usually had a latenes 
of two to three seconds, while in another two or three seconds a miaximaum 
pressure of about 60 ta mm. of water was reached: this was usually 
sustamed for the duration of stimulation. Pn stimulating: the septal and pre 
optic area with a weak current, the bladder response was a series of small 


contractions resembling the normal spontaneous activity of the bladder, ot 


mm 
| 80 “Bladder Pressure 
60 
mm Hol 
10" 
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a larger contraction consisting of several step-like contractions. Tf the 
strength of the current was increased from: 2 or 3 to 5 volts. or the fre 
quency of the stimulus was mereased from 2 to TO or 13 per second, the 
series Of bladder contractions previously obtained with the weak stimulus 


was fused into a smooth contraction (Fig. Ly. With higher frequencies 


big 2) Bladder responses following stimulation of the ventromedial hypothalamus 
with various frequencies, Cat 30 ke. Pentobarbital anesthesia. Other details 
asain bigure | 

Stumulated wath 6 volts and TO per second 

At 2) Stimulated at 5 per second 

Stimulated at 30 per second 


such ats 20 to 60 per second, the bladder responses were usually as large. or 
larger (hag. 29. Only occasionally did stimulation at the higher frequencies 
produce a tallot bladder pressure. “This occurred especially when the blad- 
der extibited relatively igh matial pressure and vigorous spontaneous con- 


traction. When the hypothalamus was stunulated at low Irequencies, such 


as TO per second, unsustimed responses were also occasionally observed, 


a 
~Pneumaqran 
120 Arterial Pressure 
80 
100 
10) 
: 
60 Bladder Pressure. 
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Fig. 3. Composite drawings of a few selected coronal sections of the cat's braim 
Indicating responsive regions for sustamed bladder contractions  Horrontal lined, 
moderate responses, cross-hatched, marked responses. The number under each tipure 
represents the distance trom the inter-aural plane of the stereotaxic iistrument 
bor details and abbreviations, reter to Jasper and Aymone- Marsan” 
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Stunulation at the level of the caudal portion of the midbrain ventral to 
the inferior colliculus always produced maximal bladder contractions. ‘These 
were associated with pressor responses, apnea, and arching of the back. A 
constant relationship between bladder contraction and vasomotor or respira 
tory responses was not found in any other area stunulated., 

The distribution of the reactive points at different levels of the forebrain, 
diencephalon, and the midbrain is shown ina series of cross sections (hig, 
3), which are very similar to those reported by Kabat, ef al. and Wang 
and Ranson. In the forebrain the anterior border of the reactive area was 
about 2 nian. rostral to the anterior commissure, The reactive regions cor- 
respond to the septum: pellucidum, the area around the anterior commissure 
and stra terminalis, and the medial preoptic areas. At the level of the 
diencephalon, bladder responses could be obtamed diffusely in the hype 
thalamus, particularly around the fornix and the supramamonilary commis- 
sure. At the level of the midbrain, the reactive points were located in the 
lower and peripheral portions of the periventricular gray matter, and dit- 
fusely in the tegmentum about the central tegmental tract. At the most 
caudal region stimulated, a highly reactive area lay just) ventral the 
miferior colheulus and medial to the brachium conjunetivum., 


Chronte lesions in the preoptic region, After recovery from the opera 
tions, the ammals were im good health and ate well, Despite the large size 
of the Jesions made (hig. 4), especially with the radioactive palladium: rods 
(Hig. 5), the cats were in excellent condition, possibly due to the fact that 
the lesions developed slowly over several days and might have allowed time 
for compensation within the nervous system. There was, however, one 
interesting neurological involvement shown by most of the operated cats, 
This consisted of the development of alternate rhythune flexion of the 
forelimbs, which occurred while the animals were standing or lying, or 
when held wath ther feet suspended the air. With each flexion of 
the forelumbs the claws were adducted and with each extension the claws 
were abducted. In some of the cats this rhythmic motion was associated 
with a posture, meluding arching of the back and flexton of the hind limbs 
While standing. These cats were very clumsy at running and usually held 
their tails and hind limbs extended. No other beliavioral changes were 


obser ved 


Bladder responses in cats with chronic preoptic lesions. In these operated 


animals, it was relatively ditheult to find pomts that yielded bladder con 
tractions and, when found, the size of the contractions was always small, 
about one quarter of the normal pressure increase in most cases (Fig. 6). 


Characteristic of the responses obtamed on stimulation of the hypothalamus 
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(cat) 


67 (cat) 6A (cat) 


big 4. Composite drawings of coronal sections through the lestons of the eleven cats 
with Jestons an the preoptic area, The lined area indicates maximal destruction lesion 
Cats 41. 45. and lesions made by radioactive palladium spheres. Cat lesions 
made by radon seeds. Cats 56, 57, and S&  lestons made by radioactive palladium rods 
Cats 63, 64, 67, and 6% —lestons made by electrolysis 
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5. Photonnerographs of the bram at the level of the optic chiasma showing 
samade by the radioactive palladium rods, Cats 36 and 57 


Pneumogram 


140 Arterial. 
120 Pressure. 


hic. 6 Bladder responses following stimulation of the posterior hypothalamus in 
cat 57 with lesion shown in Figure 5. Weight 2.6 kp. Chloralose anesthesia. Time 
marker 7.5 second intervals. Other details as in Figure 1, 
Atl, 2. and 3. Three different points stimulated with 5 volts and 100 per second. 
Note that the bladder contractions were small and are not sustained and were 
companied by pressor fespotises. 
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was that. in addition to being smaller, they rose to their maximum pressure 
In about seven seconds and then abruptly dechned with the bladder relaxing 
to ats resting volume inten te fifteen seconds despite the continued stimula- 
tion (Pig. and big. 7, pomts 3 and 44. The bladder responses, when 
obtained, were usually accompanied by pressor responses. 


-Pneumogram 


Arterial Pressure 


Bladder Pressure 


hig. 7. Bladder responses following stimulation of the caudal midbrain and. the 
posterior hypothalamus im cat OX with lesions shown an Figure 40 Weight 31 ke 
Chloralose anesthesia. Bladder pressure recorded with a rubber membrane tambour 
Time marker 15 second intervals. Other details as in Figure | 
A pomt at the caudal midbrain level (Barrington’s micturition center) stimu 
lated with & volts and 30 per second. Note the large sustamed contraction, which 
was obtamed on stimulating the same repgion later at 5 
\t 2.3, and 4. Three different pomts in the posterior hypothalamus stimulated wath 
X volts and 10 per second. Note that only small unsustamed contractions of the 
bladder were obtaimed 


In all the operated cats only once was a sustamed bladder response ob 
tamed following stunulation of the hypothalamus 4&8): this 
the lesion was found to be relatively small Chay. 4). 


The most rostral level at which bladder responses were obtamed in 
ammals with preoptic lesions was a section through the anterior hypothala 
nue area (hig. 8). Seven cats were stimulated at this level. Responses were 
obtamed only in cat 54. which the lesion did not completely obliterate 
the lower part of the septum pellucidum. The most rostral level at which 
responses were consistently obtamed was at the level of the rostral border, 


of the ventromedial hypothalanne nucleus. The reactive points were im that 


| 
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nucleus and grouped medially and laterally in the region of the column of 
the fornix. At the level of the rostral border of the posterior hypothalamus 


one out of the three eats stimulated relatively large unsustamed 


hig & Composite drawings of a tew, selected coronal sections of the brain imidieating 
responsive regions for bladder responses im cats wath chrome preoptic lestons. Dot 
contractions with pressure rise of 1-20 mm. dot circle, 21-40 
mn. dot aithin two ctreles, 41-60 mm. single or double circles within 
squares, sustamed bladder contractions 


responses, Which were grouped medially to the column of the fornix, near 
the posterior hypothakunus nucleus and the caudal portion of the ventro- 
medal hypothalamie nucleus. AI six cats stimulated at the level of the 


rostral border of the manimiullary bodies pave unsustained contractions of 


moderate size. The responsive pomts were in the posterior hypothalamic 


nucleus and in the lateral hypothalamic area, Al four cats stimulated at a 


ey 
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level through the middle of the mammnnilary bodies gave small or moderate 
responses throughout the supramamniuilary commissure and lateral hype- 
thalamic area, At the level of the posterior commissure small responses 
were obtained about the central gray in four of the seven cats stimulated. At 
the level of the inferior colliculus large, sustained responses were obtained 
in all of the five cats stimulated (Pig. 7, pomts and 5) 

In one cat in which radioactive palladium spheres were placed too 
anteriorly, normal sustamed bladder contractions were evoked on stimula. 
tion of the hypothalamus. 


DISCUSSION 


Typical bladder responses obtamed trom: preoptie or diencephahe pomts 
are either a series of small contractions or a smooth, sustamed con 
traction for the duration of electrical excitation, depending upon the 
strength or frequeney of the stimulus and 29. These responses 
have been shown to be mediated by the parasvimpathetie nerve supply te 
the bladder through the sacral roots. Ns is well known, it rs not possible te 


determine whether the cells or the fibers in the responsive area are bemy 


stimulated, However, since the general opiion in regard to the conduetion 


of visceral impulses in the bram stem favors conduction by chams of short 
neurons, as Kabat, ef suggested, it is possible that both cells and the 
fibers in the reactive region take parton the forwarding of impulses to the 
bladder and that there may be many synapses between the preoptic area and 
the level of the interior colliculus. The absence of the sustamed “parasyi- 
pathetic” type of bladder responses in-eats with chrome preoptic lestons as 
shown in the present series of expernments indicates that very few, mdeed 
Woany, of the cells representing the bladder im the preoptie area could 
svnapse before reaching the nocturition mechanism at the nuidbram pontine 
junction. 

The small, unsustamed responses eleited from: the medial and posterior 
hypothalamus in the cats with chronic preoptic lestons resemble those 
sionally eheited trom the same areas in the control preparations. Pt may be 
argued that these small contractions obtamed im cats with chrome lesions 
resulted frome stunulation of a few relay neurons the hypothalamus ot 
from stimulation of small numbers of tibers descending cells net 
obliterated by the lesion, However, this type of unsustamed response is net 
yenerally associated wath submasimal stimulation, when itis, a series ot 
stinall contractions generally results Chigs. 2). On the other 


unsustamed contraction of the bladder has been reported to oceur upon 
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stimulation of the hypothalamus after section of the sacral roots or atro- 
pinization.” “The responses also resemble the unsustained contractions of the 
bladder which result from stimulation of the peripheral svmpathetic nerve 
supply to the bladder.” ° The association of these responses with pressor 
reactions sugyests that they may be mediated through the sympathetic sup 
ply tothe bladder. [tas to be pomted out here that according to Beattie and 
Kerr stimulation of the posterior hypothalamus vielded a fall in the intra 
vesicular pressure, which they mterpreted as due to excitation of the sympa 
thetic supply to the bladder. This diserepaney in the bladder responses 
obtamed from the hypothalamus might be related to the muitial tonus of the 
bladder and also to the frequeney of the stimulus used. 

The function of the medial and posterior hypothalanne bladder repre 
sentation in the act of nucturition is not clear. The small, unsustamed con- 
tractions obtamed there on stimulation may represent: contraction of the 
triyone. Fibers from the preoptic region may synapse with the cells im the 
posterior hypothalamus for the purpose of integrating the influences on the 
bladder acting through both parasympathetic and svipathetic mnervation 

The depth of anesthesia mamtamed in acute stimulation experiments mas 
influence the extent to which a pattern of activity can be evoked from 
a pont. However, the responsive region at the level of the caudal midbrain 
is the only one stimulated which gives any indication of bemg a center for 
nucturition in the sense that at appears to be capable of coordmating 
autonomic and somatic responses into a fragmentary representation of the 
act of mucturition, 


CONCLUSIONS 


Sustamed bladder contractions were eheited in cats by stimulation of the 
preoptic area, the septum pellucidum, the medial and lateral hypothalamus, 


the central yray matter, and the area about the central tegmental fasciculus 


inthe midbrain. In animals with preoptic lesions, stimulation of the hypo- 


thalamus did not yield such sustained bladder responses, suggesting that im 
the intact animals the sustained bladder responses were due to stimulation 
of fibers with their cells of origin located in the septum) pellucidum) and 
medial preoptic area. In these animals, small, abrupt and unsustamed con 
tractions of the bladder were occasionally obtained stimulating the 
ventromedial and posterior hypothalamus and rostral midbrain. These 
results are discussed ino terms of the sympathetic parasympathetic 
innervation of the bladder. 
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1. GUALTIFROTTI Istituto di Bistologia dell niersita 
R. MARGARIAT di Milano, Italy 


ELECTRICAL ACTIVITY OF THE CEREBELLUM IN THE INTACT AND DECEREBRATED 
CAT: THE ROLE OF THE PONTINE STRUCTURES 


The characteristics of the cerebellar electrical activity as first deseribed by 
Adrian in 1935 and contirmed by Dow in 1938 consist of groups of diphasie 
waves at frequencies ranging from 150-250 per see. the amphtude being 
about Further confirmation was given in by Brookhart, 
elal., who recorded from the anterior lobe of cerebellum of unanesthetized 
cats, subjected to mtercollcular decerebration. These authors distinguished 
two kinds of activity, waves and spikes, both originating frome structures im 
the Purkinje cell and granule cell Javers, distinguished by their different 
susceptibility to aschenna. OQeeastonal waves at a trequeney of per sec, 
appeared to be due to extracercbellar sources.” 

Lately, however, different views have been advanced. The activity of the 
cerebelluny recorded from unanesthetized cats atter mtercollicular decere 
bration seems to consist of waves of much bigger amplitude, from 50-80 
to TOO mnerovelts or more.” Low frequencies have also been 
observed in decerebrated cats, 16. 50 per see.’ 

The dugher amplitude and lower frequency activity has been attributed 
to better conditions im the preparation; the authors clam that using a 
vacuum pump they do for the section (destruction) of the brain stem, 
the basal arteries are less injured than by section with a knite and no com- 
pression of the vertebral arteries is needed ; blood flow in the commean earo- 
tids needs to be stopped only fora brief time. This technique has also been 
used by Bremer and Bonnet.’ 

\We thought that the best physiological condition of the cerebellum ought 
to be established carefully because mvestigations on the activity of this or- 
yan may lead to different results i the preparation is different. Nulsen, ef 
af found that cortieally induced movements and knee jerks in lightly anes- 
thetized monkeys Cwith intact nervous system) were facilitated by high 
frequeney stimulation CSO-1T00 per sec.) of the anterior lobe of the cere 
bellum, while low trequeney (1O40 per sec.) of the same focus gave in 


Moraga on the other hand, found that high frequencies in- 
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and low frequencies facihtated mvotactic retleses and decerebrate 
rigidity. These authors investigated two different phenomena, but this does 
not Justify im our opinion an opposite action on the same cerebellar centers 
due to stimulation of the same frequeney. 

Martin, etal.” and Gualtierotu, ef al, reported that im cats subjected to 
intercolhcular decerebration a high intensity electrical stimulation of the 
vermis of the cerebellum produced electrical silence that outlasted the end 


of the stimulation and that could not be produced again when the same 


stimulation was repeated after a retrocolheular section; decerebration was 
performed wath the usual Sherrington technique, spontaneous electrical 
activity of the cerebellum bemg no more than 20-30 mierovolts. “These 
results have been confirmed by Morazzi,’ but only when the activity ot the 
cerebellum was of the said amplitude: when the activity of the cerebellum 
Was SO-T20 muicrovolts, as by the new technique used, ne such finding was 
obtained, 

The purpose of this paper is the investigation of the changes at the 
various stages of decerebration using different techniques (starting: from 
the intact animal). and their bearing on the different eleetrical behaviors 


repr rted., 


Mb LHOD 


\ couple of silver chloride (wire diameter electrodes, insulated except 
for the tip, were screwed apart to the skull ot cats under lyht and ether 
anesthesia. Position of the electrodes was such as to reach the lobus antertor of the 
cerebellum so that the naked tips of the electrodes were completely submerped am the 
cortex. The electrodes were very steadily fixed. and the normal movements ot the 
animal gave only neplpible mechaneal artiacts Records were taken as tollows 

(1) After complete recovery trom anesthesia, the animal was tree to move within the 
limitation imposed by the length of the recording wires 

The animal was then lightly anesthetized the common caroatids were 
‘ sposed and tied 

(it) Phe skull wae then opened and decerebration performed with single waiter 
collicular cut, compression of the vertebral arteries bemip tor ao short time 
(ca. 2-3 min.) 

(iv) Alternately to the common carotids were only compressed tor short 
time, while decercbration was pertormed by means of a suction ot the anterior colheuh 
tll the brain stem) was interrupted; the cerebral masses am front ot the cut were 
removed by suction 

No appreaable hemorrhage was observed a ase ob either oor Givi. and 
artifical respiration was not needed ino most of the cats. Anesthesta was discontiuimed 
alter decerebration 

Klectrocerebellograms were recorded at each staye of the experimental routine 
either with continuous record or using the time base running wath a duration of 


SQ msec, 
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RESULTS 
INTACT ANIMAL 

The activity of the cerebellum the intact unanesthetized cat, as 
described in (1), consisted of three different kinds of waves (hig. la and 
2a): 

(ay Past diphasic waves of a frequency ranging between 150 and 300 
per see, maximum amplitude 25 microvolts, average 15 microvolts, 

(hy Spikes, their frequency reaching up to per see. amplitude less 
than microvolts, 

(ce) Slow waves: trequeney to 40 per see. of up to microvolts. 
Overall maximum amplitude due to summation of factors Cay and 


wis nucrovolts. 


EFFECT OF ANESTHESIA 


During light anesthesia, when all voluntary movements were abolished 
but refleses were brisk and muscular tonus scemungly unimpaired, the only 
alteration observed was the nearly complete disappearance of the slow 
waves (ey Chip. 2b). Both kinds (ay and (hy of fast activity: were 
completely unchanged im frequency and amplitude. mach deeper anes 


thesia was required betore deerease amplitude could be observed 


OCCLUSION OF COMMON CAROTIDS « 


No further change was observed immediately atter the common earotids 


had been tied and within one hour's time Tho, 


SURGICAL SECTIONS OF THE BRAIN STEM 


The openmny of the skull and all operations needed to expose the colliculi 
did not alter appreciably the activity described above; only a slight increase 
In amplitude was observed in some cases, 

The intercolheular section performed during compression of the vertebral 
arteries did not change ina significant way the cerebellar activity: Figure 


le records were taken after release of the vertebral arteries. 


A posteolheular section made without any additional anesthesia, with a 
second transitory compression of the vertebral arteries changed the electri 
cal activity as follows (big. dd): 

(a) The fast waves, though maintaming the same frequeney, mereased 
slightly in amplitude, up to 30635 microvolts. 

(hy Spikes appeared unchanged in trequeney and amplitude, 


| Slow waves of a new character were recorded, their tre hemy 


about S50 per sec and ther amphtude reaching up to SO microvelts. 
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a 


: 


1. ac tivity ot the cerebellar cortex ot cat Clobus anterior) continuous 
record on the lett; activity recorded during SO msec. on the right 


(a) Unanesthetized intact aniunal 

(bh) After occlusion of the carotids and liplit NO) and ether anesthe apprecd 
able change is detectable 

(co) Atter surpieal decerebration 

(dy After retrocollicular decerebratron. over 
rhythm appears | 

(ey An hour atter retrocolhouliar decerebration the aetivaty liyhitls creased ane 
the slow rhythm imereases iam trequernes 

fime marker: 1/20 se 


Record on the bottom: LOO tacrovolts deflection 
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The over-all activity seen in normal tracings appeared to exceed 100 
nucrovolts owing to the fact that fast activity of both kinds was imseribed on 
top of the slow waves and graphical summation of amplitude took place, 
This was quite evident im the 50 msec. time dase cecording. 

In about 1-2 hours this larger amplitude activity: slightly decreased, 
over-all values going down to 6GO-80 microvolts. The frequency of the 


slowest waves inereased up to 70 per sec. (Fig. le). 


DECEREBRATION BY SUCTION 


When transcolheular decerebration was performed by suction, records 
taken during the operation showed a remarkable increase of the slow actiy 
ity (waves of LO40 per see, Big. 2c). Tt must be remembered that) this 
activity had been greatly reduced because of the anesthesia. Sometimes 
bursts of very large spikes, even exceeding 200 microvolts (hig. 2d), were 
recorded during the first attempt at suction on the braim stem. 

In most experiments interruption of the brain stem was made as quickly 


as possible to avoid hemorrhage. After decerebration the cerebellar activity 


showed the same changes as after the posteollicular surgical section im the 


Sherrington preparation (Pig. 2e); the apparent increase in amplitude due 
to the new large and slower waves took place at this stage. In these condi- 
tions a further surgical postcolleular section, also a performed under 
anesthesia, did not produce any change in electrical activity (Fig. 21). 

If a deep anesthesia was apphed or at the blood pressure was lowered, 
reduction im the amplitude and frequency of the cerebellar activity. was 
observed, [t seemed that the new large waves were particularly susceptible 
to variations in anesthesia and blood pressure. 

When a surgical section between the two collieul with treed) common 
carotids, but without any compression on the vertebral arteries, was tol 
lowed by quick removal by suction of the encephalon cramal to the cut, 
hemorrhage bemp stopped by appheation of hemostatic sponge, results were 
as obtamed by the simple Sherrington techmiague of decerebration. Varta 
tions in cerebellar activity as described above were obtamed only after post 
colheular section. “Phis expernent was devised to test the possible iithience 
of mechanical traction on the fibers of the brain stem: as an ettect of suction, 


Which does not occur after a previous section of the braim stem. 


DISCUSSION 

All the results obtamed so far seem to prove that im the intact unanes 
thetized cat the electrical cerebellar activity proper is composed as described 
by the earher investigators of : 
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Vas 


sleep 


= 


2. Electrical activity of the cerebellar cortex on the cat. recorded as in bayure | 

(a) Unanesthetized iitact animal 

(hy Atter light and ether anesthesia: 

(ey and (dd Incomplete decerebration by suction. slow activity reappears ane bursts 
of large amplitude activity are evident ; 

Decerebration by suction as ended) 1/4 atter STON of the carotid 
between and vas removed the the aspect 
bipure Id; 

(1) Atter retrocolheular surgical section) rie appre table Change trom the pre eding 

marker 20 ser 

Record on the bottom: LOO dethec tion 
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(a) Biphasic waves at a frequency of 150-300 per sec. and with an 
average amplitude of 15-20 microvolts ; 

(bh) Spikes at a frequency of up to 1000 per sec. and with an amplitude 
averaging 10 microvolts. 

The slow waves, as was already pointed out by Ten Cate and Wiggers,” 
are presumably spread from the cerebral cortex: im fact, both a light 
anesthesia and the tying of the common carotids decrease remarkably this 
rhythm, as on cerebral cortex itself, 

The cerebellar potentials from a record taken at a slow speed show an 
apparent amplitude reaching at some points 40-50 muicrovolts. This is pre 
sumably to be interpreted as the summation by chance of waves and spikes. 
Similar values of the electrical activity of cerebellum were given in pigeons 
decerebrated rostrally to the optic lobes by Crepax and Pompeiano® and in 
the intact pigeon by Gualtierott: and Schreiber preparation ). 

Neither a light NO and ether anesthesia, nor the occlusion of the 
carotids alters the cerebellar potentials. This result: was expected, in view 
of the fact that the carotids carry but little of the blood supply to the cere- 
bellum, and a light N2O and ether anesthesia is presumably only effective 
on the cerebral cortex, which shows a lower threshold to these drugs. 

A fundamental difference exists between decerebration by surgical section 
according to the Sherrington technique and decerebration by suction, the 
only advantage of the latter being that the vertebral arteries need not be 
compressed during the operation; the occlusion of the carotids has in fact 
no influence on the cerebellar activity proper. 

Decerebration by suction seems to alter remarkably the electrical activity 
of the cerebellum compared with the one recorded from an animal as much 
as possible intact; the most characteristic change due to decerebration by 
suction is the appearance of slower and larger potentials which remain prac 
tically unchanged for several hours. After decerebration by surgical section 
the potentials remain the same as in the ammal in the best: physiological 
condition. 


A short compression on the vertebral arteries does not seem to alter 


appreciably the spontaneous activity of cerebellum, 


A simular change of cerebellar potentials as due to deeerebration by 
suction ois observed after postcolheular surgical section performed 
according to the Sherrington technique. 

Since removal by suction imi aitsell does not produce any change the 
electrical activity of the cerebellum a transcolheular section is previously 
performed, itis presumed that the ierease of the electrical potentials and 
the appearance of a slow rhyvthn induced by decerebration by suction are 


due to a mechameal action on the fibers, an action which atfeets arenas ex- 
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tended much further than the site of suction and which induces a moditica 
tion of the activity of the pontine nuclet, 

The slow rhythm, high) potential cerebellar activity found these 
conditions is not a technical artifact, but a biological effect, as at has been 
demonstrated by applying novocaine to the cortex." 

Pontine centers have the capacity for mducing a slow electrical activity 
on the cerebellar cortex as has been shown by Gualtierotth and Capraro” and 
later by Bremer and Bonnet, either by applying strvehnine on the floor of 
the fourth ventricle or by electrical stimulation. Similar results were alse 


V0 bm 


Pic. 3. Reeord of cerebellar activity ino the intact pipeon taken wath electrodes 
covering about JO Purkinje cells during vestibular stimulation as given to the 
for a 315° turn ot the contention table The first burst as comerdent with the start, 
the onset of the second burst marks the stop: start and stop are tangential acceleration 
stimuli, Between the bursts the labyrinth was subjected to centripetal acceleration only, 

The vastly increased activity induced by tangential acceleration is composed ot large 
waves at a much lower trequency than the potentials recorded trom the unexseited 
cerebellar cortex 

marker: 1/20 sex 


reported by Molhea and The trequeney and amplitude of the 
slow activity induced on the cerebellum was roughly proportional te 
the stimulation appled to the pontine centers. 

be supposed that suction of the Dram tissue, even appled 
perpendicularly to the bram stem or directed towards its cranial end, 1s 
hound to produce a severe traction on the bulbopontine traets ait has sueh 
a power to destroy the continuity of the stem itself. “Phis traction 
causing tearmg of the fibers appears in our an extremely 
procedure; the injury may possibly extend to the caudal part of the Dram 
stem as darias the medulla. Prom the injured fibers a continous flow of 
may well reach the pontine structures, the slow waves 
recorded from the cerebellar cortex. as during strvelinine appleation ot 
electrical stinulation, Moreover, the lack of effect of a posteolleular section 
could be due to the abnormal conditions of the bulbopontine mucler 

The nature of slow waves recorded trom the cergbellar cortex of the 


transcolleular cat needs further stivation Bremer and Bonnet’ con 
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sider the slow cerebellar waves that follow strvehnine appheation or electri 
cal stunulation as electrical seizures ; the cerebellar cortex of animals decere 
brated by suction could then be considered as bemy a subepileptic condition 
This would explain why the threshold for eleetrical stimulation im these 
conditions is so low.” 

on the other hand, Gualtierotth and Sehrevber Cin preparation) 
shown that volleys of impulses from: the dabyrimth oduee on the vermis 
large synchronized potentials at a low frequeney (60-80 per see.) and with 
an amplitude of up to 200 300 microvelts (Fig. 3). This shows that slow 
waves are not necessarily due to a convulsive activity of the cerebellum, burt 
also to afferent: sensory volleys reaching the cerebellar cortex from any 
other part of the central nervous system, a conducted activity not 
necessarily convulsive, 


The spikes of increased amphtude and number recorded in these 


conditions could represent the efferent discharges produced as a response 


to sensory stimulation by the cerebellar neurones, 


SUMMARY 


1. Three kinds of waves may be evidenced as the cerebellar clectrica! 
activity in the unanesthetized intact cat: Cay fast diphasie waves, 300 
persec., 15 25 uncrovolts m amplitude, and Cb) spikes. up to 1,000 per see 
Jess than nnerovolts mm amphtude, are cerebellar activity. proper, the 
third, Ce), slow waves, per see. up to S50 nucrovelts im amplitude, 


are presumably transmitted trom the cerebrum 


20 N hight and ether anesthesia mduces no changes mi activity Ca) 


and (hb), but abolishes or decreases remarkably the waves Ce). 

3.) Permanent occlusion of the common carotids and short compressior 
ofthe vertebral arteries do not miterfere noticeably with cerebellar cleetrical 
ACTIVITY 


cerebellar activity in comparison with that recorded trom: intact cats under 
light anesthesta, 


Intercolheular surgical decerebration does not mapair significantly the 


5. Posteolheular decerebration imereases up to fast waves 


no change bemg recorded in spikes Cho, and induces new slow waves Cd) 
at the trequeney of about SO per see and with an amphtude of SO 
volts 


6. One to two hours after posteolheular decerebration a shght decrease 


waves (dy) was observed: their lowered amplitude averaged GO micro 
volts 


7. Intercolheular decerebration made by suction im anesthetized cats 


and ether) induces during the operation new volleys of 10-400 per 
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second slow waves Coo. and bursts of fast waves ata frequeney of 150.300 
per seco and wath an amplitude of 130 microvolts 

Atter complete mtercolheular decerebration by suction, the cerebellar 
electrical activity becomes very simular to that recorded atter posteotheular 
surgical section: a slight merease in fast waves and volleys of new Cd) 
waves are observed. The over-all amplitude ot the cerebellar activity os 
100 nucrovolts 

Pitferent results obtamed trom: animals subjpected to surgieal mter- 
colheular section and animals subjected to the same kind ot decerebration, 
hut performed by suction, are attributed te severe aijury durmg suction 
due to traction on and disruption of fibers to the bulbopontine structures at 
amuch lower level than the point of appheation of suction. this ease, 
fibers mbilntory to bulbopontine structures are mterrupted as i the case of 
postcolheular surgical section. The resulting hyperactivity of these strue: 
tures induces, as is known, slow high amplitude waves on the cerebellar 
COFTEX: 

10. Slow cerebellar potentials following direct: stunulation or stimulation 
of the bulbopontine structures im the decerebrated cat have been mterpreted 
as ofa convulsive nature: the hypothesis is put forward that the sard waves 


may be better mterpreted as the effeet of sensory amiflow to the cerebellar 


cortex from) sources external to the cerebellum. Some expermnental Support 


of this view is given 
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HAROLD b. HIMWICH * Galesburg State Research Hospital, 
FRANCO RINALDI* Galesburg, 


AN ANALYSIS OF THE ACTIVATING SYSTEM INCLUDING ITS USE 
FOR SCREENING ANTIPARKINSON DRUGS{ 


HISTORICAL 

The name “activating system” is apphed to a part of the central nervous 
system which has been subjected to intensive exploration in recent years. 
Historically, two different: schools of workers have made independent 
studies of this system. The first. headed by Moruzzi and Mayoun,” began 
the attack on the caudad portion, the reticular formation. The second 
school, including Morison and Dempsey” “and Jasper,’ has examined the 
cephalad or thalanne part, and the latter has given it the name of the diffuse 
thalanne projections to the cortex. These two parts taken together have 
been termed the mesodiencephale activating system but for brevity wall 
be sunply called the activating system. The reticular formation refers to a 
central core of gray matter extending from the spinal cord, through the 
bulbar, pontine, and mesencephahe areas. Besides centrifugal motor 
ences exerted on the somatic musculature, the reticular formation alse 
possesses centripetal actions. 

Bremer observed that the alert clectroencephalogram, consisting of low 
voltage ugh trequeney waves, failed to appear im the cerveau isolé, a brain 
sectioned through the rostral portion of the mesencephalon and theretore 
excluding most sensory impulses. This preparation exhibited an beleGs pat 
tern of restoor sleep, large slow waves interrupted by spindles of 14) per 
second Trequencies, even though it was capable of recering some afferent 
stimuli, for example, visual and olfactory ones. The alert reaction is a 
function of the activating system. The alerting effect on the cerebral cortes 
takes place by virtue of centripetal impulses passing through the reticular 


formation to the thalamre diffuse projection system and evoking a reaction 


Which spreads widely over the cerebral cortex. [tas apparent, therefore, 
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that the reticular formation and the diffuse projection system: together con 
stitute a multineuronal pathway which serves as a functional unit. 
from the reticular formation also travel by way of collaterals to the li pe 
thalamus and thence to the cortex either directly or via the thalamus 
Thus the hypothalamus is melded in the activating reaction 

Ina way this activating system may be regarded as bemy parallel to the 
one which carries impulses trom: the sensory receptors the 
lemmiser to the specific relay nucle: of the thalamus and then to the areas ot 
the cerebral cortex occupied by the analyzers of the speeitic sersations. This 


broadly defined phystological entity, the. activating system, which has alse 


been delinuted anatomueally, cally tor additional exploration and our own 


work consists of a pharmacological analysis of the funetions of this reyien 


PREVIOUS INVESTIGATIONS 


When we started our investigations we knew that acetvleholme.' ah 
Huorophosphate CDEP OS physostigmine and) tetracthylpyre 
phosphate produce the alerting type ot while atre 
pine evokes the sleep pattern, Our experunental setup was designed to 
follow the lead afforded by the etteets of these cholinergic and anticholimer 
vie drugs. for our studies we used four pairs of coastal electrodes inserted 
Iilaterally into the bram of a rabbit. We were thus able to record siiul 
taneously from both motor cortices, both limbie cortices, the head ot each 
caudate nucleus, and the medial nucleus of each thalamus. By this method 
widespread effects of activation were revealed. In addition, we mserted a 
Inpolar electrode inte the reteular formation at the level of the superior 
colliculus, The datter was used especially to ostumulate the retreudar 
formation 

In chronological order it was observed tirst that the myection ot acety de 
choline inte a commen carotid of a rabbit evoked an ephemeral alerting 
response.” Next, a substance which mactivates cholinesterase and 
permits the accumulation ot acetylcholine, produced an electrical proture 
sitar te that of acetylcholine exeept that at was enduring. \tropiie. on 
the other hand, stopped the alerting effect of both ot these - 
addition blocked the alerting: reaction otherwise caused. by such sie 
logieal as pam. These experments inidieate that the 
system is cholinergic in funetion 

When the reticular formation was stunulated direeth by an electrode 
inserted inte atoat the devel ot the supertor colliculus we observed) the 
strongest activation and vet this, too, could be prevented diy the 


atropine.” Further work gave added support tor the idea that the part of 
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the bram most sensitive to cholmergie and anticholinergic drugs the 
activating system. In these experiments the left cerebral hemisphere was 
separated from its neural connections with the rest of the brain by a section 
through the corpus callosum, anterior commissure, formix, and internal 
capsule. The section went lateral to the thalamus but cut through the medial 
part of the corpus striatum, This isolated lett hemisphere, however, retained 


Ws amajor blood supply, while Figure shows that the separated hemisphere 


moror 
L une 


R THacanus 


hig. Tsolated hemisphere preparation, The connections of the left hemisphere with 
the rest of the brain were severed 30 minutes before this record was taken 

Leads as indicated in fiyure 

The rabbit was kept undisturbed, and the cleetrical activity of the intact parts of the 
brain shows the sleep pattern: Iigh-voltage (150-300 volts), slow to 3 6/5), waves 
and spindles of 12 to 14 6/5 waves in the motor cortex, im the caudate nucleus, and in 
the limbic cortex (the spindles are more prominent in the motor cortex): 1 to 3 
activity intermixed with 5 to 6 e/s frequencies in the thalamus. In the cortex of 
isolated hemisphere Ceads 5, 6, and only independent: random) slow activity. ts 
present 


estubited an electrical activity independent from: that of the other parts of 
the bran.” The administration of DEP into the carotid artery produced an 
alerting reaction im all cerebral areas except im the isolated hemisphere 
though the drug reached that structure via the blood supply (hig. 290° Phe 
electrical pattern of the rsolated hemisphere went on practically unatfected 
by the DEP because it would seem that the lowest threshold for cholinergic 
stimilation the bram dies im the activating system, 

even though this system as cholinergic, it can be stimulated by drugs 
other than cholinergic ones and inhibited by others than atropine like 
ayents. For example, hypnotic agents like the barbiturates will inhibit: the 
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alerting response, while stimulants of the central nervous system lke 
Meratran will increase ite! © With these drugs some other modality of the 
activating system is The cholinergic svstenr is probably involved 
but only secondarily. 

Its a matter of some importance that the new povchopharmacologieal 
agents, used te tranquilize disturbed payehotic patients, also possess a loeus 
of action in the activating svstemo' small or moderate dosage chlor 


promazine inhibits the activating system. The same afferent which 


a 


{ 
4 J 


Hig. 2. Same animal as in bagure leads as in Figure 1. After 0.3 mp of 
ditsopropyl tluorophosphate, iv. Phe pattern of alertness is continuous and prominent 
nthe parts of the Past activity at low voltage in the right caudate nucleus 
and an right motor cortex. In the thalamus and in the right limbic cortex, see the 
typical 6 c/s rhythm of thalamic origin. In the cortex of the aselated left 
hemisphere the random: activity continues unmeditied, despite the administration of 
ditsoprops) Huorophos plate 


Is successfully recorded in the specific sensory areas at the various levels of 
the brain no longer evokes the alerting response. The patient, though sull 
aware of his environment, is less atfeeted by at dn contrast, re serpine, even 
in small doses. facihitates the alerting reaction and brings om an alerting 
response. This effect on the activating system explams im part the property 
of reserpine to produce sedation without hypnosis. Phe same dose whieh 
depresses the hypothalamus simultaneously stimulates the alerting reaction 
se that emotional expression is moderated but sleep is not enforced. 

promazine im large doses also evokes activation and therefore does net 
enforce sleep. Frenquel, a third drug of this series, does not atfeet the acti 

svstem except under special “That apent can, how 

ever, correct activation When mduced by the hallucmopens, D lyserpie aed 
chethviamide (LSD). and mescaline. but not when the alerting reaction 1s 


caused by other drugs, for example, central nervous system) stimulants 
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|. Sere or Action of ANTIPARKINSON Drees 


High voltage slow waves 


and 14 ¢/s spindles 


Depression 
of the mesodtencephaly 
activating system 


\tropine 


\rtane 
Parpanit 
Benadry] 
Dipareol 
Lerypigan 
Chlorpromazine 
Prasentine 


1-10 
Mephenesin } 
30-40 


frimeton 


Chlortrimeton 


Pyribenzamine 


Rese 


\imphetamine 


Nicotine 


Cortical fast low voltage activity 


and ¢/s thalamtie rhythm 
Stimulation 
of the mesodtencephal 


activating system 


hever 


‘r 10-20 


over 10 15 


+ 


over 10-20 


12-20 


12-20 
12-18 


large amounts 


over 40-60 


1-10 


and 
convulsions 


4--4+- + 


Pable Wlustrating the type and degree of action of drugs upon the mesodiencephiaalye 
activating system. The figures represent ranges of dosage inom ke Phe number of 
plus signs indicates the intensity of action 
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The ability to stimulate the activating a part of the functional 
pathology of the tremor occasionally seen wath the new psychopharma- 
cological agents. Obviously atropme or an atropine like substance which 
paralvzes the activating system can be used to stop this tremor, En fact, the 
stunulated reticular formation can be used as a sereenmy mechanism to 
determine drags which atfeet: parkinsonism taverably > the following table 
has been drawn up on this basis CPable 1). You will observe that atropine 
stands first in this table and Benadryl is also high on the dist.” We have 


R 


moron 


RESERPINE 


( alter (OUENTIN 


Twacanus 


R 


tce 


3. Lett portion of figure illustrates activation caused by reserpine, 0.3 
me Right part of fyzure reveals results of injection of Cogentin, OS mp 
which restores the sleep pattern in the same animal 


sugyested the ability to depress the activating system as atest for 
parkinson drugs and we have been furnished wath atest case by a 
antiparkinsen drug, Cogentin, an agent which partakes of the chenueal 
constitution of atropine, as wellas that of Benadrvl. Tanaka and bdwards 
report ats suceesstul use an patients wath moderately severe symptoms 
Coventin in combination with or Rebellon was effective for all 
af the patients of these observers, Doshay, Constable. and found 
Cogentin daghly usetul, and am 13 20 patients obtamed better result 
than trom other antiparkinson drugs, with relief of severe tremor 
Phe side reactions are simular te those ot drug 
and dry month. When the patients became listless the authors obtarmed 
hetter results by Coventin wath Artane, sinee the latter is more 
stiitilant an action than Coventin. Chiueal results of such an order call for 
further exploration ot this apparenth imiportant drag and we therefore 


examined its effeets on the activating system ot the rabbit 
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NEW EXPERIMENTS 

Cogentin potent in preventing excessive activity of the reticular 
formation. We found that Cogentin reversed the activation caused by 
reserpine as well as that by large doses of chlorpromazine Chigures 3 and 


4). This observation is especially pertinent because Cogentin has been 


atter COGENTIN 


at 


40 The stimulating effect of chlorpromazine, 15 mg which climinates the 
sleep spindles, as seen on the Jett side of the figure. The right) side illustrates the 
restoration of the features of sleep caused by the admumistration ot Copventin, OS mg. /kp 


5. The effect of pain oon the electrical tracings as seen. The pam stimulus as 
indicated by the arrow 


found effieacious in the Parkinsonism which i a side reaction of reserpine 


and of chlorpromazine therapy. 

The alerting reaction associated with a paimtul stiumulation (hig. 5) as 
chinated by Cogentin (hig. 6). Cogentin, likewise, also proved successtul 
against the two most severe tests the activation of the reticular formation 
due to the myjeetion of DEP 7) and also agaist the direct electrical 
stimulation of the activating system (big. So. En both mistances the alerting 
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response could be prevented, or, i allowed to take place, was correeted by 
Cogentin, This drug is even more potent than atropine, which up te the 


present was the best depressant of the activating system, for on a weight 


basis it required less Cogentin than atropine to produce equally good results 


R mg TOR 


cauoare j PAIN 

Ro 

Lo 

R cauoare COGENTIN 
os wa 

R-L 


Eo 


Mig 6. Failure of a paintul stimulus to evoke the alerting: reaction is due 
previous administration of Cogentin, OS mp /kp. 


( wetore ater COGENTIN 
eg 


DFP 


Mig 7. In the lett group of tracings as disclosed an endurmy alerting reaction pre 
duced by DEP, an etteet entirely chimimated by the of OS mp oot Copentiun 
Which restores the features of sleep oan the tracings on the right portion of the figure 


DISCUSSION 


What do these results obtamed with Copgentin mean? [nothis case we are 
interested not only in the centripetal effects of the alerting system, but alse 
in the centrifugal ones.” Tt would seem that the alerting svstemr and espe 


cially its caudad portion, the reticular formation, contames the mam extra 


| 
‘ 
R 
Re 


VALE JOURNAL OF BIOLOGY AND MEDICINE 28, Dec.-Feb. 1955/6 


Ro Twacanus 


THALARUs 


R cauoare 


R poror 


R-L cavoare 


R THALAMUS 


Lo 


A cauoare 
R-L cimeic 


eceé 


Pia & Phe upper group of tracings shows strong activation following direct electri 
eal stunulation of the midbrain portion of the reticular formation for one second wath 
250 pulses per second at 15 volts. Phe lower group of tracings reveals that even 
stronger stimulation for a longer time, 3 seconds with 250 pulses per second at 10 


volts, to evoke the alerting reaction atter the admunistration of Copentin 
OR mp 


pyranndal motor tract from the cerebral centers to the anterior horn cells 
of the cord and thus affeets motor activity. 

In general, rhythnue alternating tremors have been produced experi 
mentally by two different methods, The first consists of destructive lesions 
These have been placed in the mesencephahe tegmentum.” and the 


reticular formation. Phe second method as that of electrical stumulation of 


L noror 
R-L caupare 
R-L 
ecg 
COGENTIN 
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the reticular formation. Tt would seem that the tremor is due to over 
activity of the reticular formation, an efferent of the extrapyramidal motor 
system. Tn tact, Folkerts and Spiegel) suggest that the tremor of Parkinson 
Isms due toa desion of the substantia migra and the subsequent release of 


the reticular formation from inhibition. Phus, overactivity and disordered 


function of the reticular formation are iduced either by ats eleetrical 


stimulation or ats release trom more cephalad structures. Jenkner and 
Ward) also pomt out that as a result of deatferentiation the reticular fornia 
tion may become hypersensitive to acetylcholine and respond to the locally 
produced acetylcholine in an exaggerated and uncoordinated 
Finally, it must be emphasized that the results obtamed with Cogent 
are simular in principle to those of other antiparkinsen com 
pounds, namely, they are achieved by paralysis of the activating system. Put 
the salutary effect consists than smoother motor 
as that is. well known that subjective improvement os almost always 


vreater than objective maprovement.” Our results show that the objective 
reaction does not depend exclusively on the reaction of the patient to kindd 
and thoughtful attention. The paralysis of the activating system: ats 
cephalad funetions. Thus the patient's Dram as bombarded by tewer im 
pulses. Even though those from the speci senses are still active, the addi 
tional background supphed by the alerting systema eliminated. “The ability 
of Cogentin to prevent the arousal reaction to pam is dlastrated im figure 
7. but probably most stimuli, including proprioceptive ones trom: 
receive the same treatment. Tt would seem that the, patients subjective 
reaction is changed for the better because he undergoes a kind ot plana 


cological lobotors 


SUMMARY 


pharmacologieal analysis we have found that the system 
1s cholinergic funetion and as the site in the brain most sensitive to 
cholinergic and anticholinergic drugs. Beeanse of the part the activating 
system) plays an the funetional pathology of Parkinsonism, that system 
he used experimentally animals te screen antiparkinson drags Cogentin, 
anew drug oof this type. was found to depress profoundly the activating 
svatem. Many other drugs, nemher cholmergic nor anticholinergic, alse 
affect the activating svstem in fundamental ways. part of the ctfeets of 
depressants Like barbiturates and ot stimulants bhe Meratran are achieved 
by their action on the activating system. Similarly, reserpine and chlor 
promazine derive part of them iitinence on the Dram by the 


vating system, Tt should be emphasized that whether we refer to the 
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cephalad alerting response or to the caudad extrapyramidal control of 
motion, the drug which affects one function also influences the other and in 
the same manner. Thus, drugs which alert the cortex may also produce a 
Parkinsonian tremor, while drugs which prevent the alerting reaction cor- 
rect Parkinsonism. This two-way action may explain not only the beneficial 
effects on muscular function, but also the subjective feeling of improvement 
which these drugs bring with them. 


We trust that these studies may be an acceptable contribution to. the 


volume written for the celebration of John Fulton's twenty-five years on 
the Yale faculty. Ina way this paper may be regarded as complementary to 
his work which contains many studies on the effeets of drugs on the 
brain” 
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PILGRIMAGE TO A SCIENTIFIC SHRINE 


In the summer of 1954 my wife and enjoyed a long-deterred european 
holiday which imeluded a motor trip in central France. We hired a small 
Citroen, and M., being more adaptable than 1, soon mastered the technique 
of shifting years on the dashboard and did all the driving. Arriving in 
Clermont-Ferrand one afternoon and learning that there was a motor road 
up a nearby mountam, the Puy de Dome, | insisted that we drive up to the 
summit, On the narrow mountain road we had some ditheulty in passing a 
few stalled cars, but our car completed the climb without damage, although 
a good deal of water boiled out of the radiator. Fortunately this could) be 
replaced from a pitcher borrowed in the mountain restaurant. Knowing that 
Ihave long enjoyed hill climbing, M. did not suspeet that Thad any partien 
Jar interest inthis mountain until we walked to the summit and came upon 
a bronze tablet with an inseription something like this : 


EXPERIENCE DE PASCAL. 
PESANTEUR DE AIR 
19 SEPTEMBRE [O48 


This was the famous experiment which first: showed the influence of 
altitude on barometric pressure, It was found, as Paseal had expected, that 
the barometric height was definitely lower on the mountam top than im the 
city below. Pascal pomted out that the experiment proved that the mercury 
ina barometer tube as held up by the weight and pressure of the air, and 
not because nature abhors a vacuum. He also recognized that similar obser- 
vations could be used to compare the altitudes of different: places on the 
earth, even if they were Antipodes. 

The experiment was suggested by Pascal in 1647 letter to dis 


brother indaw, who lived Clermont-Ferrand. Perter, aceom- 


panied by several important men oof that city, made the ascent and the 


observations in the following vear. His account of the experiment, im a 
letter to Pascal, makes fascinating reading.’ © Perter seems to have been 


really thrilled by obtaming exactly the same result on meticulously repeating 


* Associate Professor of Physiology. 
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the filling and reading of the barometer in different places on the summit 
of the mountain, “tantost a couvert dans la petite Chapelle qui y est, tantost 
a découvert, tantost a Vabry, tantost au vent, tantost en beau temps, tantost 
pendant la pluye & les brouillards 2.7 That [, too, was thrilled by going to 
this spot is a tribute to the influence of J.B LE. 
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RUPTURED THORACIC DISCS 


During the eighteen months immediately prior to this repore the authors 


have seen five cases of typical ruptured thoracic intervertebral dises. These 
have been studied, treated by surgery, and the results, in contrast to some 
previous reports,’ have been sufficently gratifying that it is felt they should 
he reported, 

There are a few characteristic features which may be found of interest in 
ruptured dises in this particular area, As in those in the cervical area, they 
may be divided into two distinet classes — (1) those producihg cord pressure 
with long: tract signs, and (it) those more laterally placed, producing root 
pressure with typical radicular signs and symptoms. retrospect it ts felt 
that other cases have probably been overlooked by the authors, particularly 
those cases showing the lateral protrusion with radicular signs. In two such 
cases suggestive myelographic defects have been found, but conservative 
management resulted in-eventual improvement after a protracted period of 
incapacity. Ho seems quite probable that the imeidence is greater than may be 
indicated in this and previously reported series and, as has been empha- 
sized,’ occasional instances of eryptic thoracie and abdominal pain might be 
explained on the basis of such pathology. 


CASE REPORTS 


The first two of the following case reports are those in which the size and 
location of the ruptured dise fragment were such as to produce cord 


compression with signs and symptoms of long tract mvolvement, 


Case 1. (Progressive severe long tract signs, simulating a cord neoplasm, with no 
trauma; marked improvement following removal of dise.) 
oP a 43-year-old man, was admitted to the Newington Veterans Administration 


Hospital in April, 1955, complaining of difheulty ino maintaining balance with a 


* Resident in Neurosurgery, Hartford and Grace-New Haven Hospitals. 

t Assistant Climeal Professor of Neurosurgery, Yale University School of Medi- 
cine; Neurosurgeon, Visiting Statt, Hartford Hospital 

t Neurosurgeon, Clinical Assistant Staff, Hartford Hospital 

Recetved for publication September 29, 1953, 


j 
| 
a 
q 
322 


Ruptured thoracic discs 


HORWITZ, WHITCOMB, REILLY 


tendency to veer to the left. He suffered from impotence, He noted low back pain with 
radiation into both legs. Numbness was present in the left lower extremity. Symptoms 
were of two months’ duration and were not preceded by trauma. He denied radicular 
thoracic pain. 

Physical examination revealed paraspinal spasm in the lumbar Tegion with a list to 
the right. There was atrophy of the left thigh and calf. The left lower extremity was 
weak in all musele groups. Deep reflexes in the lower extremities were markedly 
hyperactive with unsustained ankle clonus, Vibratory and position sense im the feet 
were impaired, Abdominal reflexes were absent. There was a positive Babinski on the 
left. During his preoperative course positive Babinskis appeared bilaterally. He was 
very ataxic and this became progressively disabling so that walking was not possible 
unassisted. 

X-rays of the spine revealed first-degree lumbosacral spondylolisthesis. There were 
only eleven thoracie vertebrae. \  myelogram revealed a complete block at 19 10 
(Pig. 1). Cerebrospinal fluid protem was 155 

Operation (NHH & BBW): On June 10, 1955 a laminectomy was pertormed with 


removal of a soft, free-lying dise fragment extruded trom the D9 10 interspace 


Jntradurally no neoplasm was noted, 

Postoperative course: The patient was greatly improved following surgery. One 
month postoperatively he exhibited only shght weakness of the lett toot. ALD sensory 
deficit: disappeared. There was minimal pain in the left hip. Babimskis reverted) to 
normal, Hyperactive reflexes persisted. The gait was normal. 


Case 2. (Concomitant cervical and thoracic dises with Jong tract signs persisting 


until removal of the latter.) 
GD., a 49-year-old man, was admitted to the Neurosurgical Service at the Hartford 
Hospital for the first time in’ April, 1953, complaining of paresthesias in both hands, 


in the interscapular area, and in the lett lower extremity. He dated his symptoms trom 
sudden snapping back of his head, occurring fifteen months betore when a bus in which 
he was a passenger stopped suddenly. Pains were intermattent im character, He alse 


complained of increasing impotence. The only) positive physteal findings were dis- 


comtort and pain ehieited by hyperextension of the neck, the patient experience 
paresthesias in both hands and down the left lower extremuty 

X-rays of the cervical spine were normal A cervical myclogram revealed a central 
filling defect at the ©3-4 interspace and a persistent detect on the Jett at the DIL 12 
interspace. Cerebrospinal fluid protem was 62 my 

Operation (BBW): On May 12, 1953 a cervical laminectomy was pertormed, No 


intradural pathology was found \n extradural mass was telt anteriorly and proved to 


be a soft dise fragment lying tree in the spinal canal \ hole in the annulus at) the 
(3-4 interspace was found. The tragment was removed 

Postoperative course: Symptoms in the upper extremities disappeared. “The patient 
had some ditheulty in starting his urmary stream. \ transurethral resection was done 
to correct a bladder neck obstruction 


The patient was readmitted November, 1953, with ecomplamts of burning 


paresthesias in both lower extrenuties, worse on the deft. These paresthesias extended 


as high as the midabdomen and were aggravated by trunk flexion. Plesitaney in 


Starting his urinary stream) persisted. Repeat myelogram performed during brief 


1. Case A-P thoracic myelogram showing complete block at 19-10. (There 
were only 1] thoracie vertebrae. ) 

2. Case 3. A-P thoracic myelogram showing persistent meniscoid defect. at 
right, in two different exposures, 
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interval admission had shown the same [11-12 defect on the left, demonstrated in the 
original myelogram. Cerebrospinal fluid protem was 57 

Physical examination revealed tenderness on pressure over the DIL spinous process, 
Reflexes in the lower extremities were hyperactive. No pathological reflexes were 
present. Abdominal reflexes were absent on the left 

Operation (BBW): On December 2, 1953 a thoracic laminectomy was performed, 
The dura was opened but no intradural pathology was evident. An anterior extradural 
bulge was investigated and found to be a soft free disc fragment extruded from. the 
111-12 interspace. This was removed. 

Postoperative course: Eighteen) months after surgery the patient experienced 
persistent paresthesias in the left lower extremity on sitting, but this disappeared at 
work during which he stands, fully employed as a machinist. The impotence has 
disappeared, Deep tendon reflexes in the left lower extremity were still hyperactive 


The remaining three cases are those where the ruptured dise fragments 
were laterally placed, producing root compression with radicular signs and 
symptoms, pain being the presenting symptom in all. 


Case 3. (Previous history suggestive of lumbar and cervical dise disease; radicular 
pain relieved by dise removal.) 

G.C., a 25-year-old female, was seen originally in 1949 for radicular pains in the 
upper and lower extremities which suggested a discogenic origin, They subsided with 
out treatment. In 1953 she had a brief attack of pain in the right thorax which sub- 
sided spontaneously. Neurological examination was negative. In June, 1955, she was 
admitted to the Hartford Hospital four days after experiencing sharp pain radiating 
into the right lower thorax and right upper quadrant. It occurred after heavy liting 
and was exaggerated by deep breathing and coughing. 

Physical examination revealed tenderness on percussion over the [7 spinous process 
There was moderate scoliosis with concavity to the right in the dorsal region. There 
was sensory deficit over the D7 dermatome on the right (hig. 3). The right upper 
abdominal reflex was absent. Lateral flexion of the spine increased pain. 


X-rays of the spine revealed narrowing of the [7-8 interspace. myelogram 


revealed a persistent: filling defect at the [7-8 interspace on the right (hig. 2). 


Cerebrospinal fluid protein was 70 mp % 
Operation (PGR): On June 27, 1955 a tree dise fragment was found compressing 
the D7 root, having been extruded from the D7-8 interspace. The dura was not opened 
Postoperative course: Three weeks postoperatively the patient was pain free 
Hypalgesia over the D7 dermatome persisted. She showed almost complete recovery in 
six weeks, 


Case 4. (Unilateral radicular pain in the thorax, relieved by dise removal and 
posterior rhizotomy. ) 

a 36-year-old jet pilot, was admutted to the 3700th Hospital in 
March, 1954, complaining of pain in the thoracie spine. Phe pain radiated anteriorly to 
the left upper quadrant. It was aggravated by sitting, wearing a parachute, and during 


acrial maneuvers in which several times the force of gravity was exerted on the pilot 
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It was insidious in onset and Jasted four months. The only positive physical finding 
Was aggravation of thoracic pain by marked flexion of the neck 

X-rays of the spine revealed caleitication in the 19-10 intervertebral dise. A myelo- 
yvram revealed a persistent filling detect at the D9-10 interspace on the leit. Cerebro 


Hig. 3. Case 3. Maximal area of detectable hypesthesia. 


Spagal thad protem was 80 mg. An clectromyogram revealed evidence of nerve root 

irritation at the D9 root level in the erector spinac group of muscles on the Jett 
Operation C(Renneth Richland and On April 8, 1955 a dorsal laminectomy 

was performed, A large, soft bulge elevated the [D9 root on the left. Incision into the 


mass revealed degenerated disc material with gritty calerum deposits. Mieroscopre 
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examination confirmed the gross aumpresston. Intradural examination was normal 
\ dorsal rhizotomy of D9 was done to assure relief of pain 

Postoperative course: excellent result: was obtained. Three months postopera- 
tively he was still pain tree and had returned to duty 


Case (Radicular pain associated wrth Horner's syndrome, relieved by 
removal. ) 

Bo. a 43-year-old woman, was admitted to the Hiarttord Hospital in July, 1954, 
with a@ story of severe right shoulder pam tor ten days extending down the medial 
aspect of the arm and inte the chest. Phere was no antecedent trauma 

Physical examination revealed a typreal Horners syndrome on the right) and 
hivpalvesia over DT and dermatomes on that side. In addition, heck motions were 
restricted and produced) pain. 

\-rays of the cervical spine and chest were normal A cervical myclogram revealed 
a persistent filling detect at the interspace on the right. Cerebrospinal fluid 
protem Was 49 : 


Operation On July 24. 1954 a free dise fragment was found under the 


root on the right extruded trom the DI 2 interspace 
Postoperative course: The patient did) well symptomatieally, Shoulder, arm, ane 
chest pain disappeared, When seen an June, 1955, approximately one year atter surgery 


there was a residual Horners synudrome stil present on the right 


DISCUSSION 


In this group of cases there are two features that are consistently present : 
(1) The myelogram was positive i all cases, and ¢2) there was detinite 
elevation of protem content the spinal fluid, the average elevation bemiy 
greater than that usually seen in lumbar or cervieal ruptured dises. The age 
group is quite typreal of that seen am ruptured dises im other locations, the 
voungest bemg 25 and the oldest, 50. Although a preponderance of males 
has been reported, no sex variation appeared in our small proup of patients, 

detinite distory of trauma was present im two cases (Cases 2 and 35. 
While trauma was probable im Case 4 where the patient. a pilot, had been 
exposed toa foree several times that of gravity in his flying maneuvers. “The 
Saptomis im those cases having the preture of nerve root compression were 
similar in all, bemy essentially pam over the distribution of the avolved 
nerve root, Although this presenting symptom could be altered frequently 
by certam dyvnannes of the spine, the association with dyvnannes is mineh less 
noticeable in the ruptured dise of the thoracie region than an those of the 
more mobile lumbar or cervical spine. Tndeed, the nature of the pai is such 
that functional features have been suspected. In Case 5 the radiation of pain 
was into the arm and, although anatomically a ruptured dise in the 
thoracie region, climeally it appeared to be more closely alhed with a rap 
tured cervical disc, Sviiptomis those two cases showing long tract signs 


were more varied: however, both cases complained of paresthe las, weak 
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ness, and impoterice, Case 2 presents two complicating features which 
require some explanation: first, the urinary sphincter difficulty was not 
corrected by operative removal of local bladder neck pathology. Only after 
the thoracic dise removal did significant improvement result. Secondly, the 
concomitant presence of a ruptured cervical dise poses the question of its 
significance in the production of the long tract signs. The upper extremity 
symptoms disappeared after the cervical disc removal, whereas those in the 
lower extremities persisted. Since the reflex changes and paresthesias in the 
lower extremities still persisted despite removal of the thoracic disc, it 1s 
difficult to be certain which of the two lesions was responsible; however, 
mMprovement in regard to the bladder symptoms and impotence did not 
occur until the thoracic disc was removed, 

Physical signs demonstrated local tenderness and muscle spasm in three 
Mistances, pain on forward flexion in four cases, pain on rotation and lateral 
flexion in only one case, and Lhermitte’s phenomenon in two cases. 

The only thing seen in the routine x-rays of the thoracic spine was a 
thinning of the dise space in one and calcification within the dise in another, 
Calcification has been reported in eight of eleven cases” A recent. series 


reported elevation of spinal fluid protein in only-one case.’ In contrast, all 


of the above cases showed protem elevation. In discussion of the myelogra- 
phic findings, one appreciates the obstacles encountered. The difficulty im 


establishing a lateral defect in thoracic myelography is well known. The 
unportance of taking several exposures as the dye is passing into the sus- 
pected area bears emphasis. In each instance of laterally ruptured dise there 
has been a great consistency in outline of the lateral defect common to the 
different exposures (see Fig. 2, a and hb). Electromyography was done in 
only one case, and here there were definite changes indicative of irritative 
phenomena picked up on the side of the lesion. 

As to location of the ruptured dises in this series, one was at D1-2, one 
at D7-8, two at D9-1O, and one at DTT-12. In reviewing the location of 
lesions in three other series!" no area appears to be immune, the 
lower third of the thoracic spine is affected with greatest frequency. To our 
knowledge no previous published report of a D1-2 dise has been made. 
Several cases of dises have not been included in this report because 
we believed that they could not be classified as thoracic dises in the strict 
sense, 

Preoperative diagnosis im three instances was ruptured intervertebral 
disc and in two instances--where the long tracts were involved tumors 
were felt to be more likely, Multiple sclerosis, herpes zoster, and psycho 
neurosis were diagnoses also considered in the process of study of these 


Cases, 
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Surgery, A complete laminectomy was felt te be essential for the cen 


trally ruptured dises, while hennlaminectomy usually was sufficient: for 


those laterally displaced. every case the ruptured dise fragment was 
removed, In one instance section of a dorsal root was done as well and in 
three mistances the dura was opened to facilitate the expression of dise trag 
ments without trauma to the cord. The dura was closed in all instances with 
closure techmique not unlike routine procedure for dorsal laminectomy, 
Pathologically, there were typreal sequestra of fibrocartilage mall cases 
In four cases the fragments had ruptured completely through the postertor 
longitudinal hgament and were Iving free im the spinal canal. one mstanee 
there was a large protruston covered by the posterior longitudinal liga- 
ment. This latter, although contaming gritty caleiieation, was sett and 


degenerated, 


Results. In each case the pain has been completely controlled the 
procedure. En two cases showing long tract signs, the signs have reverted 
completely to normal i one and have been markedly miproved in the other 
although he still complams of some paresthesias in one deg. this mistanee 
a ruptured cervieal dise had previously been removed, whieh complieates 
the results. Phe retleses in the lower extremities are slightly liv tive un 
both, but the Babiishis have disappeared. The Plorner’s syndrome Case 
Shas persisted although is less noticeable than at onset, 

Although thoracie dises are notoriously uncommion because of the relative 
Wmnebility of this part of the spine due to support of the mb cape, the 
authors beleve that too frequently proper cognizance os not taken of 
thoracie root pam; certian negative, abdominal explorations and gallbladder 
studies might: possibly be explamed on this basis. occasionally be 
revealing to perform iivelography of the unistances of 
unesplamed thoracte and abdominal pam betore diagnosis af 


povehoneurosis or some functional disorder 


hive cases of ruptured intervertebral dise the thoracte region are 
reported ; three cases were associated with root with racheular 
SIMs and two with cord COMpresston and lony tract signs In cach case the 
defect was shown on pantopaque myelography and the protem content ot 
the spinal third was definitely elevated. In each case there was yratitying 
rehef following surgical removal. Phe possibility of ruptured mtervertebral 
disc of the thoracie region as a cause tor unesxplamed pam im the thoras and 


abdomen is suggested, 
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SUBCORTICAL MECHANISMS IN THE “SEARCHING” OR “ATTENTION” RESPONSE 
ELICITED BY PREFRONTAL CORTICAL STIMULATION IN UNANESTHETIZED CATSS 


Ina previous paper the authors have described a characteristic “searching” 
or “attention” response which can be eheited by electrical stumulation of 
cortical regions of the medial surface of the hemisphere as well as from: the 
hippocampus of unanesthetized cats.’ Quite a simular type of response may 
he obtained on stimulation of the phylogenetically younger basolateral diva 
sion of the amygdaloid nuclear complex, but not trom its phylogeneticalls 
older anteromedial part.” 

The response is a rather typreal one (hig. 1). Immediately at the onset 
of stimulation all spontaneous pre-oecupation such as walking or hiekiny 
ceases; the facial expression changes to one of “attention,” perhaps associ 
ated with some surprise, bewilderment, or anxiety: the animal raises its 
head, the eyes open and the pupils dilate; there are slight pricking move 
ments of the ears and quick anxious glanemy or searching movements of 
the eves and head, almost invariably to one side, contralateral to that of 


stimulation. This searching may result in circling movements to the oppo- 


site side of that stimulated. The reaction to external stimul seems to be 
decreased, the ammial’s attention bemy intensely fixed on “something 
in the environment, 

In some animals, particularly wath low-intensity: stimulation, the quick 
glancing movements were directed towards both sides, sometimes predomi 
nantly to the ipsilateral side. By shyhtly mereasmy the stimulus mitensity, 
however, the glancing changed to the contralateral side 

In Pag. 2N the filled squares indicate the poimts on the medial aspect of 
the hemisphere from which this “searching” or “attention” response has 
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been elicited, The responsive sites appear to be located mainly within the 


prefrontal cortex and the limbic Ceingular) gyrus (including the anterior 
and posterior limbic areas and the retrosplenial region). Finally. some 
points are located within the medial portion of the hippocampal gyrus. 
The present investigation is concerned with the subcortical structures 
mvolved in this “searching” response obtained by stimulation of the medial 


hig. 1. The “searching” or “attention” response elicted by electrical stimulation of 
the medial surface of the left pretrontal region A. Betore stimulation tew 
seconds after onset of stumulation: quick planciig movements towards the right side 
few seconds atter end ot stimulation 


prefrontal cortex. The method cmploved has been to needle 
trodes in the responsive cortical tield and, on the following days, to make 
various subcortical lesions followed by repeated cortical stimulation. By 
combined stiunulation ablation technique subcortical structures whose 


rity are necessary for the eheitation of the response have been determined 


MATERIAL AND METHODS 


In a series of 30 cats a total of 60 bipolar needle electrodes, insulated except tor the 
tips, were implanted in the medial pretrontal areas of cats under Nembutal anesthesia 
Phe following day, when the effeet of the anesthesia had worn off, stumulation wats 


carried out while the anmnal was treely moving on a plattorm. the yielding 


= 
4 
4 
332 


Prefrontal stimulation JANSEN, ANDERSEN, KAADA 


the “searching” response (45 of the 60 electrodes) various subcortical structures: were 
destroyed electrolytically, the electrodes being oriented by the Horsley-Clarke instru 
ment. After a second complete recovery trom the anesthesia the pretrontal stimulation 
was repeated. In some animals 
in which the subcortical leston 
left the prefrontal “searching” 
response intact, one or two ad 
ditional lesions were made. 
ter a few days the cats were 
killed and the sites of the stimu- 
lating electrodes and the extent 
of the: subcortical Jestons were 
identified histological 
tions bor further details of the 
method the reader is reterred to 


a previous 


RESULTS 


wl. Lestons of the cingut 
lum bundle. Necording to 
the recent study of Adey 
and Meyer’ a conspicuous 
portion oof cmyulum 
bundle of monkeys 
nates in the granular pre 
frontal cortex, mamly from 
its medial division. further 
contributions to the 
Jum bundle come from the 
anterior and posterior lim 
Ine Comyulary gyrus. These 
fibers appear to terminate in 


the pre-and parasubreutim 


Indicating pomts Csquares) from: which the “search 
response has been produced on electreal stimu 
lation. Dots. no such response \rea subdivisson 
of the medial surtace. according: to Rose and 
the Woolsey and course ot the fiber ob the 


tion and possibly am the 


bundle according: to current comeept 


hbetween the distribu 
text) 


tion oof the sites vielding 

the “searching response, and the origin, course, and termination of the 
cmigulum bundle (hig. 2) our interest was first focused on this bundle is 
the posstble mediator ot the response from the pretrontal region 


However, complete bilateral section of this bundle in four cat 


g.nipp. 
Prag. ra cingulum 
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verse plane corresponding to the middle or posterior portion of the corpts 
callosum did not influence the “searching response elicited from: the pre- 
frontal cortex, (hag. 3). The response could be induced just as readily after 
this section as in the intact animal. In the experiment ilustrated in Figure 
3, both formices were included in the lesion, indicating that the prefrontal 


“searching” response is independent of this structure as well. 


Bo Amygdala, septal nu- 


clei, hypothalamus, strta 


bundle medullaris, and habenutla. 


Y corpus Iextensive bilateral lesions 
We 4 callosum 
ty 


of these structures were 
without noticeable mfluence 
fornix 
on the prefrontal “search 
Ing’) response. The lesions 
claustrum . 
of the amygdala usually in- 
cluded part of the imternal 
tractus opticus n. amygdalae 
capsule (Fig. 4). but in 
hao. 3. Diagram of transverse section through an 
electrolytic lesion severing the cingulum bundle 
and the fornix on both sides. The “searching” dala was destroyed more se 
response elicited by stimulating the medial pre 
frontal cortex on the right side remained entirely 
unaltered after this lesion, pothalanne lesion extender 


other experiments the amyg 
lectively. In one cat the hy 


from the mammullary bodies 
posteriorly to the optic chiasma rostrally and included the anterior portion 
of the posterior hypothalame nucleus, the greater portion of the dorsal and 
anterior hypothalamic area, and the ventromedial nucleus, maimly on the 
Ipstlateral side, 


(. Thalamus. Following Jestons of various parts of the thalamic nuclear 
comples in TO cats the prefrontal “searching” response was either eli 
nated, altered i character, or lett mtact. Deseription of a few experiments 
will best serve as ilustration, 


Cat 92) Typieal contralateral “searching” responses were obtained by stimulating 
through two electrodes miplanted in the medial prefrontal cortex on the right side. 
extensive lesion was then made of the tpyiaterad medial halt of the thalamus (hag 
right sided. Phe Jeston included the stria meduilaris and the greater part of the 
habenula, the entire dorsomedial and most of the antertor nucleus, the medial part of 
the no lateralis posterior and ono laterals anterior, and almost the entire no central 
medialis, no paracentrals, and nm. centralis lateralis on the same side 

this lesion the prefrontal “searchitig” response was less pronounced and 
changed ino character) from typreal contralateral searching to predominantly 


ipsilateral response 
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second deston involving the septal nucler on both sides had no ettect. However 
tollowing a third lesion or the medial part of the thalamus on the deff side the “search 


mig response cheited trom the pretrontal cortex was completely abolished. 


lesion included, as as seen trom: bagure 5 (lett), the stria medullaris, the greater part 
of the dorsomedial nucleus and of no centralis medialis, on. paracentralis, and no centralis 


lateralis, and, finally, the medial portion of the nucle: lateralis anterior and postertot 


A 


hig. 4. Diagram of transverse sections through the right hemisphere imi two cats 


with extensive destons of the internal capsule and adjacent prey nuclear masses 
(el. text) 


Itmay be concluded trom this expermment that the pretrontal “searching” 
response as abolished by bilateral lesion of the medial portron of the 
thalamus. 


Further experiments with smiailer lesions of the medial thalamus te 
the following generahzation: The pretrontal “searching” respotse disap 
peared only following lesions of the greater part of the cells ot the no cen 
trahs paracentrals, and central lateralis on both sides, On 


the other hand, rather extensive destons of the medial thalamus sparing 


these nucler did not significantly influence the response. Thus, the leston 


Wustrated in 6, leaving the no centralis medialis, paracentrals, 


and no centralis laterals mtact, but meluding on both sides the preater part 


of the dorsomedial nucler and habenulae, the meds portion of the nucleus 
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lateralis posterior and the centrum: medianum, and, further, the rostral 
portion of tectum mesencephal and the periaqueductal grey did not alter 
the prefrontal “searching” response. 

From these and a number of similar experiments it was concluded that 
Iilateral lesions of the following thalamic nuclei seemed to be of no influence 
on the prefrontal “searching” response: the lateral, the dorsomedial and 
the anterior nucler, the centrum medianum, and the n. reumens. The same 
was true for rather extensive lesions of the rostral parts of the tectum 
mesencephah, /psilateral lesions of the paracentralis and on. centralis 
lateralis were followed by some reduction of the response and sometimes in 
a reversal of the searching from the contralateral to the ipsilateral side. On 
the other hand, lesions of these nuclei confined to the contralateral side 
appeared to be without any effect. 


LD). Lesions of the white matter between the prefrontal cortex and the 
diencephalon, blectrolytic lesions involving the anterior basal portion of the 
ipsilateral internal capsule just below and lateral to the head of the caudate 
nucleus im three cats completely abolished the “searching” response which 
could be readily obtamed in these animals pre-operatively on stimulating 
the prefrontal cortex on the same side (hig. 4). In these experiments vari 
ous portions of the neighboring amygdaloid nuclei, caudate, putamen, 
claustrum, and the fibers of the lateral part of the internal capsule were 
meluded in the lesion, but the results obtained in other animals with lesions 
of these structures permit one to conclude that the “searching” response 
cheited from the prefrontal cortex is dependent on the fibers) running 
through the anterior basal portion of the internal capsule. Phis portion, 
then, most likely contains the fibers interconnecting the medial prefrontal 
cortex, and those thalanie midline nucler responsible for the stimulation 
effect, 


DISCUSSION 


The subcortical structures of importance for the eheimtation of the 


‘searching’ or “attention” response from) the medial prefrontal cortes 
appear to be the centralis medialis, paracentralis, and on. central. 
laterals, which are parts of the intralaminar nucle: of the thalamus. [tis of 
considerable interest that Akert, working in Thess’ laboratory, has reported 
briefly ona similar type of behavioral change (consisting of a slow turning 
of the head to the contralateral side) of stimulating the mtrakaminar nucles 
and oof the adjacent dorsomedial and anterior thalamne nuclet. Thus. a 
cortico thalanue rather than cortico-cmyulo hippocampal mechanism 


seems to be involved. Tt seems likely, although not vet proven, that the 
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hig. 5. Drawings of serial sections through 
two electrolytically produced lesions of the 
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hig. 6. Drawings of serial sections 
through a rather extensive lesion of the 
mechal thalamus, but sparing the meen 
tralis medialis paracentralrs 
(PCR), and centralis laterals (CL) 
This lesion was without any on 
the pretrontal 


“Searching: response 
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opti tract 
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similar type of behavioral response which can be mdueed from the cortex 
of the limbic and hippocampal gyri! and from the basolateral division of the 
amygdaloid comples as dependent on sinnlar cortico-thalanin 
and an amygdalo-thalanne mechanism. In this connection relevant to 
recall the recent physiological demonstration of fiber connections from) the 
lateral division of the amygdala to parts of the intralaminar 

The present study indicates that the medial pretrontal cortex is connected 

not to the entire but only toa smaller and limited portion of the imtra- 
laminar and nudline nucle: of the thalamus. This suggests the possibility or 
regional Jocahzation within these mucler which one, from a physiological 
port of view, has been inelined to consider a functional entity with rather 
difftise cortical connections. 

Itomay be inferred from the present experiments that the prefrontal 
cortex exerts a bilateral mfluence on the central nuclei, more strongly on 
the ipsilateral than on the contralateral side. This is consistent with the 
alteration of the typical contralateral searching to an ipsilateral resporise 
subsequent to a lesion of the medial thalamus on the side stimulated: the 
ifluence on the opposite, mtact side of the thalamus now predomunates, 
resulting in a response ipsilateral to the side of cortical stimulation. (1 
should be recalled that direct: stimulation of the iitralaminar nucle: results 
ina contralateral response.) A bilateral lesion of the thalamic nucle im 
question is necessary completely to chmuinate the effect, 

A most conspreuous feature of the “searching” or “attention” response ts 
the imitial arrest of all pre-stimulatory activities, the cessation of all move 
ments im execution, meluding respiration, without any appreciable loss of 
muscular tone. most likely that this quieting effect) on movements 
represents the same phenomenon as that previously observed by Tower im 
anesthetized cats on stimulating im the medial hemisphere the same cortical 
areas Which are dealt with in this communication, Power's findings have 
heen confirmed and the inhibitory effeets on somato motor activities studied 
in greater detail by one of us. 

The functional significance of the “searching” or “attention” response is 
not clear, The term “attention” merely refers to the outward manifestation 
of the behavior change. Fextreme caution must be exercised in any attempt 
to the real nature of the response. This particularly apples to 
anmnal experuments in which we lack any information concerning the ani 
mial’s subjective experience and level of consciousness during the stimuta 
tion. A few suggestions, however, might be ventured: 

As discussed previously,” we are inclined to consider the “attention” 


respotse as secondary to some kind of sensation. or physical experience, 


The ammals are undoubtedly conscious, but their attention appears to be 
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attracted and intensely fixed on “something” whieh they, seem: to experience, 
As consequence there is frequently an mupairment of the animals usual 
alertness with decreased reactions to external, visual, auditory, and: tactile 
stimult, On the other hand, one should not forget that we are dealing wath 
anartificial type of stimulation which might mtertere with the normal fune 
nonimngy of the subcortical structures im question 

According to the current concept the intralaminar nucler are meluded in 
the brain stem activating system. They have been shown to vield an arousal 
effect of the clectrocortical activity on high-frequency stimulation and have 
also been considered to merease the animals general alertness. maimed 
ate inhibition of pre stimtilatory somato moter activities ts also a character 
istic of intralaminar stimulation and possibly represents an integrative part 
of the arousal or attention response. Tn this commection itis relevant to recall 
that ngh-frequeney stimulation of the medial cortical areas under considera 
Hon may also result ina widespread desvuchromization or arousal effeet ot 
the electrocortical activity similar te that obtamed on 
tion (for references cf. It has previously heen sug 
vested that this cortically induced effect on the eleetrocortieal activity 
similarly as mest ikely mediated through the Dram stem activating 


system. 


Taken together, quite simular behavieral, somatocmeotor and electro 
corticographic etfeets may be obtamed on electrical stummulation of the autre 
laminar nucler and of the medial cortical areas im question: this seems te 
midieate a close functional relationship. 

A similar, but weaker, quieting on spontaneous movements has 
also been obtamed from an area of the muddle and posterior parts of the 
first temporal convolution of the monkey’ and from: the corresponding 
area of the eat, Quite recently OoDoherty, and have 
observed a or flattenmy of the record (termed by 
them “suppression which trom: them description appears to be identical 
with the effeets obtamed on antralaminar and medial cortical stimulation 


Also, the change in the anmnal’s behavior, when atois stimulated in the 


waking state, bears some resemblance to that obtamed in the present study 


Finally, French, Hernandez Peon, and Livingston have demonstrated con 
nections from this temporal area to the stem: activating: system, 

It appears not unlikely, therefore, that there exists a temporal area ot 
functional significance samilar to that of the frontal, and ami gdalord 

The present study possibly has some bearing on prefrontal leneotomiy 
mental diseases. Nccording to the current concept, the effects of 
this operation are considered to be due to the interruption of fibers miter 
connecting the pretrontal cortex and the dorsomedial thalamic nuclens, Our 
expermnents indicate a second prefrontal -thalamue system: which 


edly is antertered wath most instances in the usual leucotomy, particularly 
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when the lower medial quadrant of the white matter is meluded. Also, im 
thalamectomies intending to destroy the dorsomedial mucleus it seems 
almost inevitable not to encroach upon the adjomimg no centralis medias, 
n. paracentralis, and n, centralis lateralis. It remains for future research to 
decide whether interruption of this second prefrontal-thalamic system) has 
anything to do with the effects obtained in leucotomized patients. Tt wall 
prove a difficult task, however, to destroy selectively in human patients the 
central nucle: with their laminar shape and their relatively great extent. 


SUMMARY 


1. Stimulation of the medial pretrontal cortical region through implanted 
electrodes in unanesthetized freely moving cats results ma typieal “atten 
tion” or “searching” response characterized by dilatation of the pupils, 
pricking of the ears, quick glancing or searching movements to the contra- 
lateral side associated with raising of the head and foretrunk. 

2. Attempts have been made by combined stimulation-ablation tech- 
niques to determine which subcortical structures are necessary for the 
cheitation of this response. 


3. The “searching” response was abolished by Jesions which meluded 
the anterior basal part of the imternal capsule on the same side, or when 
part of the intralaminar nucler of the thalamus (notably centralis medi 
alis, ne paracentralis, and nm. centralis lateralis) were destroyed bilaterally, 
Destruction of part of the central nucle: reduced the “searching” reaction, 
but complete disappearance of the response required a bilateral and total 
destruction of the same nuclet, 

4. The “searching” response still persisted after the following: Tesions : 
bilateral destruction of the cmyulum bundle, the formees, the dorsomedial 
nucle or the centre median of thalamus, the habenulae and striae medul 
lares thalami. Also without effect were fairly extensive lesions of the an 
tenor group of the thalanne nucler, the caudate nucler, the hypothalamus, 


and the tegmentum mesencephalon both sides. 


5. ‘The nature of the response, and the possible bearing of the described 


second prefrontal thalamue system oon prefrontal im mental 


diseases, are discussed, 
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EFFECT ON TEMPORAL LOBE SYNDROME OF LESIONS ELSEWHERE IN 
THE CEREBRAL CORTEX OF MONKEYS+ 


The interrelationships of the temporal and frontal poles, parts of the 
so-called association areas of the cerebral cortex, are of interest for the 
understanding of many behavioral processes. These are the cortical areas 
which are suspected of integrating complex behavioral activities since their 
removal or absence produces changes in total performance which can be 


objectively measured in various ways in both man and Jesser primates.’ In 


these regions, more than any others of the cortex, comparison of function 
between man and monkey has been profitable. The lobotomy and lobectomy 
procedures, now relatively common therapeutic measures for man, are based 
entirely upon previous studies in the monkey and the chimpanzee. 

That a functional interrelationship between the various association areas 
exists Is to be expected from what is known of developmental and strue 
tural sequences. Thus, the frontal and temporal areas, with which this paper 
deals, each have an extensive lateral region which develops very late in the 
evolution of cortical dominance; the cat and dog, for example, have rela 
tively little actual cortical tissue ino these areas. Each region has also a 
mesial part which belongs to archicortex, vet is closely associated with: its 
more recently developed neocortical region. Teach is an “association” area, 
and as such is not primarily related to either receptor or motor funetion ; 
direct stimulation in either man or monkey produces no perceptible physical 
change. bach unit has marked bilaterality of function such that unilateral 
ablation from one hemisphere has little effect, while bilateral ablation causes 
notable alterations in behavior. leach region, furthermore, has multiple neu 
ronal connections with the other. The lateral typ of the frontal pole and the 
lateral surface of the temporal, which are neocortical, have direct fiber tract 
connections, "The mesial surfalves, hoth older regions, are also iter 
connected because area 24, the mésial rostral cingulate gyrus, sends fibers to 


the mesial surface of the temporal pole.” 


* Associate Professor, Department of Neurological Research 
t Aided by a bederal Mental Health Grant and by the Mental Health Services, 
Province of British Columbia, Canada 


Recerved for publication August 29, 1995 


+ 
3 
342 
a 


Studies on temporal lobe syndrome KENNARD 


Investigation of functional relationships between these two areas becomes 
of added interest: because in contrast to the above evidence of structural 
and functional similarities, the well-known syndromes which result’ trom 
Iilateral ablation of the two regions seem, in many ways, completely oppo- 
site, Bilateral ablation of the frontal poles is followed by an inerease im total 


activity such that the monkey becomes restless, hyperactive, and has an 


exaggerated startle response. But, the monkey with bilateral temporal abla 


tions becomes sedentary, quiet, passive, and without fear” These syndromes 
are easily distinguished ina monkey colony and itis diffiealt to tind: simi- 
larities between their patterns. For these reasons, therefore, it was decided 
to observe the combined effects of ablations from the two areas man etfort 


to find behavioral relationships, if such occurred, 


METHOD 


normal monkeys, mulatta, were used in this series. All were 
observed over a period of months prior to operation. Normal EleGs were run through- 
out this period and at intervals following the operations. These will be reported 
elsewhere. 

The monkeys then had unilateral or bilateral surgical ablations of the various frontal 
and temporal areas. These were carried out according to a well-routinized sterile 
procedure.” By the second postoperative day the animals were well enough recovered 
to be observed for changes in performance. Their total behavior was then observed 
and noted for a period of many months during the development and maitenance ot 
their chrome syndromes 

Three ablations were pertormed an this series. The frontal ablation consisted ot the 
removal of all tissue rostral to areas 6 and & of Brodmann hag. 1). The ablated areas 
were, thus, areas 9-12 inclusive. Vemporal ablations were made, cutting directly 
through from the lateral surface of the temporal lobe to the mesial, at the level of the 


2). Care was 


most lateral portion of the central suleus above the Sylvian fissure Chig 
taken to remove all tissue below the Sylvian fissure and to reach the mesial surtace 
Occasionally, but not frequently, the anterior tip of the temporal ventricle was opened 
A third ablation was carried out when the syndrome of the ciigulate pyrus was found 
to be significant. bagure 3 shows the extent of the lesion which removed all ot area 24 
in the rostral portion of the cingulate pyrus 

Second and third operations were made only when the animals had been observed to 
reach a steady state tollowing the initial procedure, usually after a period of about 


six months 


DALLA 

In the course ot this study the well-known svndromes characteristic of 
ablations trom: a single association area were reproduced. These wall be 
desc ribed 


Frontal poles Palateral ablation of areas 9-12. the frontal association areas 


produces a great total activity Phere as perseverative quality the 
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Fic. 3. 
hig. 1) Photograph of brain showing removal of all tissue rostral to areas G and & 
(Brodmann ) 
2) Specimen ilustrating bilateral temporal ablations 
3. Bilateral removal of area 24 in rostral part of cinpulate gyrus 
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pertormance, The monkeys become less aggressive but are very watchful ot all activity 
about them. They can usually be seen, high an the backs of their cages, jumping about, 
vocalizing, and making faces. They will, however, descend to snateh tood rapidly and 
then return to ther perseverative hyperactivity. spite of increased total activity, 
their pattern of performance is much more stereotyped than that preceeding operation 
They circle constantly, usually in a well-beaten pathway across and about them cages 
When they are left alone, unwatched, their activity diminishes but is still greater than 
in the preoperative stage. This syndrome is permanent for at least a two-year period 

trea 24. Bilateral ablation of the cingulate area, im contrast, produces a quiet, 


passive, and “soft™ animal which has lost aggressive tendencies and consequently as 


unable to exist ina cage with a normal companion who easily acquires food and all 


other preferential cage dominance! “These animals sit fairly still under observa 
tion: there is no hyperactivity and no perseveration, Phere as always some return to 
thore normal function, an merease in the variability of performance 
Temporal poles. When the temporal lobes are removed bilaterally and when the 
mesial, ancient portion is included in the removal, the monkeys become passive, hype 
motile, and are said to have lost fear and developed curiosity”  Phese are the ammits 
which nose and smell anything which they observe. They are apparently without) the 
fear and anmmmosity toward man which is normally shown by this species ot monkey. 
lor example, the net in which they are caught will always produce signs of rage and 
fear in the normal monkey and ain those which have had the trontal tips or cingulate 
gyri ablated. But the bilateral temporal animal calmly regards this net with an unusual 
amount Gf interest, as he does any other object brought to his attention. Ele inaiitais 
discrimination, however, since he will nose and smell anything but will eat only the 
foods which he recognizes. There is always, in this laboratory, some return to normal 
behavior following the bilateral ablation 


In this primary temporal procedure two clements were considered and 
eliminated because neither apparently had any effect im the observations to 
be reported here. henmanopia fromoinjury te the optre tract might alter 
behavior and must therefore be considered. But. in the present series, only 
two ammials had a demonstrable hennanopia following removal ot a tem 
poral pole. Tn each the was transient, Tasting about two weeks 
following operation. Pn neither could any difference the temporal sva 
drome be detected when the final operation had been completed. There ts 
no evidence from the observations of others that hemuanopia plays a part an 
the temporal syndrome. 

second possibility: which arises from: observations of the aniunals’ 
behavior is that olfactory sense plays some parti the syndrome. The 
olfactory tracts, mesial in the temporal pole, may easily be damaged by the 
operation. For this reason the olfactory tracts on the mesial surtace of the 
frontal lobes were cut ata primary operation in two monkeys. [tas assumed 
that the animals became, thus, anosmuie although no change im behavior 


followed the procedure. \When temporal poles were removed subsequently, 
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the full-blown temporal pole syndrome developed including the nosing, 
smelling, and tasting of objects which is characteristic. Absence of the sense 
of smell, then, did not in itself produce any of the characteristics of the 
temporal syndrome nor did itvalter the subsequent development of that 
syndrome. 


Combined lesions. Combined ablations of these areas produced, of course, 
a combination of symptoms. The total picture and the quality of the 
behavioral interaction is of mterest. All combinations of seriatim: ablations 
were made, using the six areas above noted, that 1s, left and right frontal 
and temporal poles and anterior cingulate areas. The final effect was always 
the same and had no relation to either the sequence of ablations or to the 
tine interval between these. 

Removal of both temporal and both frontal poles always resulted im an 
annual having marked and permanent behavioral changes which were far 
more deviant from the normal than those produced by either ablation alone, 
These monkeys if left alone appeared quiet and apathetic: if aroused by our 
approaching the cage, or by a noise, they produced a perseverative pattern 
which had many of the characteristies of the frontal animal, marching up, 
down, and about the cages incessantly. Although not as hyperactive as the 
frontal animals and not as quick or violent their movements, they 
retained a “purposeless” imerease in total activity from: the frontal svn- 
drome, They retained also the absence of fear and the imerease in “curios: 
ity’ of the temporal animal; im fact, in some animals, both these qualities 
became mereased following the total combined lesion, 

When cingulate gyrus removal was added to temporal ablation, a great 
increase in the “soft,” depressed, and hypomotile behavior appeared. These 
animals were thought by those tending them to be il, for they sat quietly 
ina back corner of the cage and moved very litthe unless rather strongly 
disturbed. They also retained the absence of fear and the mereased curiosity. 
At times we thought these animals were unable to recogmize well-known 
objects such as bits of food. This is a quality mentioned by Buey and Kluver 
in monkeys with temporal pole ablations. Such confusion im relation te 
objects offered seemed always greater when the cmyulate had been added 
to the ablated temporal regions. 

Addition of the cingulate gyrus to the ablation of frontal poles produced 
almost no effect. He the cingulate gyrus was the first region ablated, removal 
of the frontal poles produced the hyperactive perseverative pattern which 
was indistingurshable from: that of primary frontal pole ablation. When, 
however, the cimpulate ablation was added to a primary frontal pole 


removal, there followed a moderate and temporary reduction im total actiy- 
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WV. Tess restlessness, and less apparent speed of movement. Wathin a week 
or two, however, these latter anmiads could not be distinguished trom: those 
having only the primary trontal pole ablations. Smnnlarly, there was no real 
difference between those animals having all six areas removed and those 
having only frontal and temporal poles, although addition of the cmyulate 
gyrus ablation to that of the other always produced a temporary merease im 
the hypomotility and passive clement of the behavioral pattern 

The effeet of total removal of these association regions known to have 
functional and structural commections was always, thus, one of mereasing 
existing patterns, the total preture bemy that of a confused and persevera 
tive ammmal far Jess alert, in less adjustment with his environment, and 
with a tendency to greatly reduced variety of performance, 

Other evidence of functional mterrelationships was also found. As has 
been stated above, unilateral removal of either a frontal or temporal pole 
has been known for many vears to have no visible effect on behavior, How 
ever, unilateral removal of one frontal pole and the temporal pole of the 
same side always caused some temporary slowing and reduction of activity 

aquiet, “soft” animal with minimal loss of fear and with some persevera 
tion in performance, Here the change was transient and disappeared within 
a week or two following operation. The effeets of bilateral ablation of orbi 
tal frontal surface were also observed and were found to be simular to those 
which result from total frontal pole ablation except that their effect was 
temporary and less marked, 


DISCUSSION 


The result of these extensive operations which have. finally. removed 


every association area of the cortes except that lying an the parietal lobe, 


has been the production of an drastically limited in the pattern ot his 


motor performance and in his reactrons to his environment. Phas 
was to be expected from: previous knowledge but throws additional hylit on 
the total funetion of these areas in the normal state 

hirstly, no physical change ot any sort was observed in these monkeys 
following any ablation. The observations were entirely on behavior and on 
cage performance, and no measures of phy srologieal function were 
carried out. But careful day to day observation suyyested no field to which 
such observations could be directed, Only the behavioral sviiptoms 
of the svidrome of each ablation appeared. There was no change im gastre 
intestinal funetion as observed by intake and eclimmnation, there was ne 
marked change urmary output: the autonome system appeared unaltered 


as there was no pallor and no detectable change in vasomotor reactions > no 
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paresis nor obvious sensory deficit resulted. There were no clinical epileptic 
SCIZULES, 


The outstanding changes in behavior can be related to two qualities and, 
ultimately, to a single change. With successive ablations these animals 
showed an increasing reduction in the variety of pattern of their per- 
formance. Perseveration and stereotypy were marked. They appeared to 


have a markedly diminished appreciation of and reaction to their environ- 
ment. All objects or data perceived from the outside world were treated in 
the same way: ie. by the temporal animal, by picking up, nosing, or smell 
mg anything ; by the frontal ammial, by excessive and “purposeless” move- 
ment. Phere did not seem to be, however, any ultimate Joss of discrimination 
with regard to these immediate stimuli, Recognition of food objects was 
unmediate inevery instance, The loss of variety of response to environment 
became greatly exaggerated with the combined lesions such that the anmials 
appeared barely able to carry out cage activity in such a way as to maintain 
adequate health and nourishment. 

It is difficult to analyze the syndrome with respect to its psychological 
significance ; detailed analysis of learmng and behavior by means of tramimng 
techniques should ultimately be carried out in such aminals. But the one 
quality: previously detected by Jacobsen’ and then by Malmo. that) of 
Hnpaired immediate memory following frontal pole ablation, can be related 
to these patterns of performance if immediate memory be considered as 
related to the meaning of environmental objects. There are at present no 
such data for the temporal lobe in the monkey, but in man, memory pat 
terns have been shown to have some integration im the mesial temporal 
areas.” 

It seems possible, then, from: present evidence that the combined syn- 
drome has for its basie patterning an impairment of memory, recall or 
association, and that the interconnections of the frontal temporal 
association regions may normally serve for integration of this elaborate 
function, The hyperactivity of the frontal animal would then be a pattern 
resulting from) removal of motor association which must be so integrated in 
the intact animal as to result in less violent and more appropriate behavior. 
The slow and “soft” quality of motor performance of the cingulate or 
temporal animal is less easy to interpret but a similar reduction m= motor 
performance is reported in man as related to the cingulate area. Bilateral 
ablations of the temporal poles man are rare and no comparable 
observations have been reported for this region, 

The relationship between archi and neocortical areas adds further light 
as to the functional connections of frontal and temporal poles. “The old, 
mesial portion of the temporal pole and the cingulate gyrus must be con 
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sidered as one unit from: all evidence now available. These structures are 
carly developed and directly connected one with the ether. Their seriatim 
ablation in these monkeys produced augmentation of what is known as the 
temporal lobe syndrome. They are probably, then, parts of a single, rela 
tively simple, and unditferentiated system which has been early elaborated 
in cortical development, The fact that the cingulate area has been shown to 
he a strong suppressor area.’ and that related directly and specrtieally 
to the reticular system oof the bram stem, emphasizes the tact that) this 
archicorucal system must have a basie and generalized function within the 
forebrain. This, according to the behavior of the ammiadts of the present 
series and to the description by others of monkeys having partial lesions of 
the system, may relate to total emotional behavior and to some form of 
memory or recognition of the meanmy of the environment. 

The part plaved by the neocortical structures in relation to these funetions 
is less clear, possibly because itis less fundamental and mtense and more 
truly of an associative, elaborative character, The syndrome of total ablation 
of both neocortical areas was always a more intense pattern of deviation 
from normal than the syndrome which resulted trom: the partial ablation 
when either the frontal or temporal lateral cortical surfaces were left mitact, 
Vhere was an effect on the frontal lobotomy syndrome trom) temporal 
lateral ablation, thus demonstrating functional imterrelationship. Primary 
removal of temporal lateral poles alone, however, has never caused any 
change in pattern of performance. Damage to these regions im man may be 
followed by emotional lability and by psychomotor seizures. No such pat- 
terns have been observed in the monkeys’ simple cage behavior. From: our 
basic knowledge of the temporal pole one would expect its associative qual 
ites to be related on the one hand to auditory and olfactory funetion, ane 
on the other to the elaboration and complex organization of behavior im 
response to very highly mtegrated learned patterns derived trom: emotionally 
charged environmental situations. 


CONCLUSIONS 


senes of eighteen combined lesions of 


frontal association areas temporal association areas and anterior 


cingulate regions, area 24, have been made. The resultant behavioral 


chanyves have been studied 

No simple motor, sensory, or autonome change resulted trom emher 
partial or total ablation of all these reyrons 

2. removal of these areas always produc ed a more and more 


profound deviation trom the normal pattern ot behavior. Two baste qualities 
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governed these changes: (a) an increasing limitation in the variability and 
adaptability of performance such that limited and perseverative activity 
resulted; and (by a change in the relation to environmental objects which 
seemed to indicate a reduction in recognition of or reaction to the environ- 
ment. This latter may have been the fundamental cause of the persevera- 
tion. It may have direct relationship to alterations in memory pattern which 
have been demonstrated by others in man and in the monkey. 

3. These experiments illustrate the fact that the cingulate and the mesial 
portion of the temporal pole must be considered as one functional undif- 
ferentiated unit, and that these areas are directly related functionally to 
their more recently acquired frontal and temporal associative regions. 
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MI. M. KESSLER ® Cleveland, Olio 


POSTCENTRAL AND PRECENTRAL CORTICAL LESIONS RESULTING IN 
CONTRALATERAL SKIN TEMPERATURE DISTURBANCES. THE PROBABLE 
NEUROPHYSIOLOGICAL ROUTES INVOLVED; { 


In a series of animals being studied for motor performance after parietal 
area ablations Cearlier with Dro Mo A. Kennard) skin 
temperature readings were taken from the extremities with the intention of 
studying these preparations further. Significant, sometimes wide, differ 
ences ino skin temperature were obtamed in these parietal preparations. It 
was decided, therefore, to explore by the method of extirpation the various 
regions of the cerebral cortex for their effects on skin’ temperature 
regulation. 


MATERIAL AND METHOD 


The subjects from which experimental data were obtamed were 15 immature 
monkeys (13 mudatta and 2 mangabeys (Cercocebus torquatus Atys). These ani- 
mals were studied for skin temperature differences over a course of from ten days to 
eight months. In 25 operations on these animals, various areas of the precentral and 


postcentral cortex, were removed. The ablations were according to the known outline 


of Brodmann’s areas. The extent of the various operations is deseribed below with 


the experimental observations. 

Temperature readings were obtamed trom symmetrical points on the soles of the 
leet by use of the automatically recording Micromax thermocouple instrument. “The 
third lead was taken from the rectum, Environmental temperature was recorded) peri- 
odically by the experimenter. During observations the animal was kept on its back im 
a holding box which permitted tree movement of the lower extremities” Environmental 
humudity was found not to influence the data sufficiently to be given consideration. bor 
choiting vasomotor reflexes, the environmental temperature was suddenly altered by 
transporting the animal inte a retrigerated room (temperature 39° After varying 
times of such exposure the animal was returned to a warm environment. Skin tempera 
ture Was continuously recorded. wintertime simular effects could be produced by 


exposing animals to outdoor temperatures 


*Climeal dnstructor, Department of Psychiatry, Western Reserve University 
Cleveland, 


+ Research pertormed while an Abrahamson bellow, Laboratory of Phystology, Yale 
University School of Medicine, 193% 
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OBSERVATIONS 


A. ILLUSTRATIVE TOTAL EXPERIMENTS 

1. Ablation of left areas 1-2 followed by right areas 1-2. 
After left ablation, the right extremities showed markedly lowered lempera- 
ture; after night ablation, temperature of left extremities became lower than 

First operation: left posteentral gyrus (Oct. 13, 1938), VAL, Tattoo 1068. 


Areas 1 and 2 were removed, care being taken not to injure any portion of area 4, 


- 


2 

Posteentral Vil, Noo 1068. Lett postcentral gyrus ablation followed) by 
right. Heavy baseline gives a calibration of Tob. Tt everywhere represents the tempera 
ture of the right lower extremity with relation to the lett: (thin black line). Length of 
black line represents period of study. Solid) black areas on cortical maps represent 
areas ablated 

2) Posteentral No. 10340 Left parietal area ablation tollowed by right 
posterior parietal areas Note transient effect of second smaller ablation 


Phere was rapid recovery trom the operation. Hand preterence was tor the lett hand, 
but rhythoue movements of progression were pertormed well by both sets of extrem 
ines) During skin temperature readings there was about the same amount ol meter 
activity an each extremity. The right lower extremity showed persistently ao lower 
shin temperature than the Jett, On one occasion an bo difference was obtamed 


(see praph 1) 


Second operation: right) posteentral ayrus (Dee. 5, 1938). Areas and were 
removed as an first operation. Recovery was rapid with very little postural detect 
Viter this operation the lett extremity now had a lower temperature than the right 


the largest difference recorded bemp 
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Phe data on this ammial show defimtely that ablation of a relatively small 
area of the posteentral cortex can produce a profound effeet on the: skin 
temperature of the opposite extremities. It also demonstrates that the acute 
effect after an ablation is greater than that exerted long after an ablation. 
The bilateral lesions being anatonneally equivalent, one would otherwise 
expect no difference or at best a shght difference in skin temperature after 
the second operation, 


2. Ablation of lett areas 1-2-5-7 followed by right areas 5-7, 


After first operation right extremities were constantly lower im temperature 


than lett. After second Operauony transient lowering of skin temperature of 


left extremities was followed by resumption of previous status. 

First operation: left partetal lobe (Oct. 12, 1938), VA, Tattoo 1034. Ablation of 
lett areas 1.2.5.7, care being taken not to approach the region of area 4. Statie postural 
defect postoperatively; practically no motor defect during automatic progression, 
Right extremity had a persistently lowered skin temperature as compared to the lett, 
the largest recorded disparity being 

Second operation: ablation right areas > and 7 (Dee. 2, 193%). In this operation the 
posterior parietal region was removed. No injury could) possibly be sustained by the 
motor region. The animal showed transient preference for the right extremities and 
then resumed preterence for the Jett limbs bor nine days postoperatively the left 
extremities had a lower skin temperature than the right (man difference, & bo) 
Thereatter, the right again showed a lower temperature as compared to the lett) (see 
graph 2) 

This experiment substantiates the data of 1 and tends te 
indicate one other factor, Tf the bilateral parietal lesions are unequal im 
extent, in the chrome state the extremities opposite the larger lesions wall 
have the lower temperature. [t seems sigmiticant that a region of the cortex 
as postertorly placed as areas 5 and 7 can exert a considerable though 


transient effect upon limb temperature, 


of lett areas 6 and & followed by right areas 1, 
7. After first operation right extremities were shghthy lower in 
temperature than deft but not constantly so. After second operation left 
extremities were considerably lower im temperature than right, 
operation: leftareas (and & COet. 19, 1938), Vattoo \blation 
of dett areas 6 and & Transient deviation of eyes to side of lesion Dette right hem 
paresis which gradually became less marked On halt the tests the right extremity bad 
a lower temperature than the Jett; largest difference, 30 b. On the other readings the 
temperature was equal in both extremities Cyraph 3) 
Second operation. right panwetal area (Dee. 7, 193%) Nblation of right areas 1.2.5.7 
Pransient: faulty use of left extremities even in automatic progression. Lett lower 
extremity showed a markedly lowered skin temperature as compared to the right ‘Phe 


maximum ditference recorded was Xb 
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This experiment shows that a parietal ablation may have a greater effect 


upon the contralateral skin temperature than an ablation of area 6. OF 
course the ablation in the parietal area was larger than that in the premotor 
area, and this factor of amount of cortex removed may be the significant 
thing rather than the specific location of that area (graph 3). 


Ablation of left occipital lobe followed by left: areas 6 
through 12. There was a transient lowering of skin temperature of right 
extremities with potentiation of the effect after second operation. 

First operation: left ocetpttal lobe COct. 28, 193%), PLC. EN, Tattoo 1052. Extirpa- 
tion of left occipital lobe with some sparing of the medial aspect of the occipital region. 


3. 4. 


Grarit 3. Posteentral VIE, No. 1073. Left premotor area ablation followed by right 
parietal area, Note that the larger parietal ablation produces greater temperature 
differences than the smaller premotor ablation. 

Garin 4. Posteentral IX, No. 1052. Lett occipital lobectomy followed by removal of 
ipsilateral frontal lobe (see text). 


Right mecomplete hemianopsia which disappeared. Transient lowering of skin tempera- 
ture of the right lower extremity; maximum difference, 5° bo (see graph 4). 

Second operation: left areas 6 through 12) (Noy. 28, 1938). Eextirpation of lett 
frontal lobe antertor to area 4 carried out. Rhythmic progression carried out normally 
Marked difference now between skin temperature of extremities, right lower than lett; 
maximum difference 9° (graph 4). 


This experiment shows that an area as remote from the frontal region as 
the occipital lobe exerts an effect upon skin temperature. An additional 
ipsilateral extirpation increases the depression of skin temperature im the 
contralateral extrenuty, 


3. Lett-sided section of transcortical U-fibers between pre 


and posteentral gyrt was followed by ablation of left: parietal region. First 


q 
s7 
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operation was followed by lowering of skin temperature of right extrens 
ies. Second operation increased difference of skin temperatures, 

First operation: section of U-fibers betiveen pre- and posteentral ayrt (June 14, 
1938), IV, Tattoo 1032. Central sulcus opened to its depth. ATL white matter 
under the depths of sulcus bisected tor 8 mm. Moderate right hemiparesis whieh atter 
two months was almost not demonstrable. Constant lowering of skin temperature of 
right lower extremity as compared to lett over a period just short of six months; 
maximum difference, (see graph 5). 


OUT TOUGH L 3 L 


- 
. 


Gravis 3. Posteentral IV, No. 1032. Cut through posterior lip of central suleus ; 


later parietal area ablation. Note prolonged effect on skin temperature differences by 
merely cutting of tibers. 


Second operation: removal of left partetal region (Dec. 9, 1938). Extirpation of left 
areas 3,1,2,5,7 behind the previous transcortical cut. Disinclination to use right extrem- 
ities volitionally but automatic movements were well carried out. Increase in the dis- 
parity of skin temperatures already present between right and left) extremities; 
maximum difference 12° (graph 5). 

Here again the parietal ablation was performed without injury to: the 
motor cortex as the previous operations had definitely separated the two 
regions of the cortex. Yet a maximal difference in temperature between the 
two extremities was obtained. The constaney of the effect upon skin 
temperature over a period of six months is noteworthy. 


Ievpertment 6. Ablation of left area OA (2 animals) and left areas 9 
through 12 (2 animals) with subsequent study of skin temperature differ 
ences in the extremities for ten days. Both types of ablation lowered 
temperature in contralateral extremity equivalently 

elhlation of left area 6.1 animals), CYC) Nos. 7, 4,6. 125. bextirpation of lett 
area O\, hand and foot area) Recovery from operation with little paresis. Right lower 
extrenuty persistently lower in skin temperature than Jett tor the period of study (10 


days); the maximum difference was 120 bo (see graph 6) 
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Removal of prefrontal areas, (9-12), (2 animals). The entire region of the frontal 
Jobe anterior to area G was removed. Little if any paralysis was noted. Right lower 
extremity recorded as Jower in skin temperature than left; the maximum difference 
recorded was 13° F. 


These experiments show that areas as inert from a motor or sensory 
standpoint as the frontal poles still exert an effect upon skin temperature 


regulation of the opposite extrem- 


ites. These regions of the cortex 


may be endowed with vasomotor 
neurones. 


Ivpertment 7. Ablations seriatim 
of left areas 3,1,2; right areas 3,12; 
left, areas 5,7, and portions of 1&8; 
and right areas 5 and 7. Each ex- 
tirpation of cortex had the effect of 
at least lowering the skin tempera- 
ture of the contralateral extremity 
transiently. Whenever lesions were 
unequal im extent, side opposite 
larger lesion had lower skin’ tem- 
perature. 


DAYS 


AREAS First operation: left postcentral 

ABLATED t és (April 22, 1938), P.C. I, Tattoo 972. Ex 
L 912 tirpation of left areas 3, 1, 2. Practically 

no motor defect in rhythmic progression. 

Garin 6. Skin temperature differences 

extremities noted after premotor and ‘ 

frontal pole ablations ity persistently lower than left; maximum 


difference (see graph 7). 


Skin temperature of right lower extrem- 


Second operation: right posteentral gyrus (May 18, 1938). Extirpation of right 
areas 3,1,2. Little motor effect on rhythmic progression, Skilled acts poorly performed, 
Skin temperature of left lower extremity transiently lower than right with tendency to 
equal that of right extremity in the chronic stage; maximum difference, 5.5°  F. 


Third operation: extirpation of left) postertor parietal region (July 7, 1938). 
Iextirpation of areas 5, 7, and parts of 18 and 19 behind the previous ablation. \uto- 
matic progression still without major difficulty. Skin temperature of right) lower 
extremity persistently lower over many months than left, but maximum difference is 
less marked (35° 


Fourth operation: extirpation of right postertor parietal region (Nov. 16, 1938). 
Eextirpation of right areas 5 and 7 behind previous ablation. Insecurity in use of all 
extremities postoperatively, Skin temperatures transiently equal in both lower extrem- 
ities; then the mght became lower than the left. 
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Ina series of seriatim ablations, the effeets registered on skin temperature 
followed expectations in each case. After equivalent bilateral extirpations, 
the temperatures became approximately equal. After completion of all four 
operations, the amount of cortex ablated on the left side was found to be 
greater than on the right. As a result the right extremities became lower im 


temperature than the left. y 


Oreaarion TT 


Gearit 7. Seriatim: ablations of each postcentral gyrus followed by each posterior 
parietal area (see text). 


Ievpertment S. Simple cramotomy flap. of premotor, motor, 
and parietal cortex for 15 minutes. Usual closure. Skin temperature equal 
bilaterally following procedure. 

Operation: left fronto-partetal craniotomy flap (Nov. 14, 193%), XT, Tattoo 
1113. Usual procedure in laying down craniotomy flap. Premotor, motor, and parietal 
cortex exposed for 15 minutes. Dura sutured and flap replaced as usual. No difference 
in skin temperature between extremities postoperatively, 

This experiment is a control to show that itis not operative trauma to 
the premotor cortex or any other cortex: which yields skin temperature 


differences after cortical ablations other than area 6. 


B. OBSERVATIONS DERIVED FROM THE EXPERIMENTAL RECORD 
Certain temperature records were illustrative of points which require 
mention and interpretation. Record | shows that apparently waves of vaso- 


dilatation are sent forth periodically from a temperature reyulatory center 
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in adaptation to the organism's heat dissipatory needs. (The needs may be 
stated to be due to a steadily rising body temperature.) These vasodilatory 
sendings may be directly centrifugal from the so-called thermostat. in the 
hypothalamus to the spinal sympathetic centers, or may be mediated via the 
cortex for Jateralizing effect. 


---4 Hour----- 


Rectal Room Temp. 40°F, 
Right Sole ---=---- 
Left Sole 


Recorp Temperature in both extremities approximately equivalent. Havironmental 
temperature constant at BO). Both extremities simultaneously experience waves of 
increase in skin temperature, Periodicity between 15 and 25 minutes. Rectal tempera- 
ture steadily rising. 


L 
| 


TEMP. 73° TEMP. 88° 


KEY 

2. Temperature recording ino animal probably with edema ot entire lett 
hemisphere. This followed retraction on the occipital lobe for mid-line exposure. 
mal transiently hemiparetic, dull, and apparently suffering headache. Gradually increas- 
ing environmental temperature. Practically no effect on right extremity for 14. hours 
Immediate maximal vasodilatory effect on normal left extremity with additional waves 
as extremity tended to cool, Rectal temperature remained constant. Slow warming of 
right extremity without waves. Maximum difference skin) temperature 177 
( Anterior cerebellar series ) 


= 
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In order to maintain body temperature constant the thermostat sends out 


nervous waves intended to produce vasodilatation im both sets of extrem: 
ities. Because these waves are probably mediated through the hemispheres, 
the animal of record 2 showed an effeet of vasodilatation on the normal left 
extremities only. The left hemisphere in this case was almost totally fune- 
tionless. Thus, the vessels in the left: extrem: 


ities had to be kept persistently dilated for 76° Room Temp. 
Ht 
100°F 


inaintenanee of normal body temperature, The 
normal right cerebral hemisphere could trans- 
mit the impulses from the thermostat to. the 
left extremities whereas the left: hemisphere 
could not. It would seem therefore that. the 


hypothalamic thermostatic center must) send 


its centrifugal fibers upward to the cerebral 
cortex for lateralization before they reach the 


Hight Sole -~----- 
Left. Sole ————— 
Record 3 shows that while the temperature seen: 
Rrcorp 3. Section of record 
showing effect) of mecholyl 
steady difference due to unequal cortical sup. upon a pre-existing difference 
in skin temperature, Pempera- 
ture of both extremities ele 
render the skin temperatures equivalent, vated and now the left equals 
the right. Note Jowermp of 
Record 4 illustrates a vasodilatory reflex body temperature as skin ves- 
sels dilate maximally through 
out the body, 


of the two extremities is maintamed at a 


ply. a peripherally acting vasodilator can 


which becomes defective on one side when 
there is an unequal cortical sympathetic sup- 
ply from the hemispheres. Kennard’ has desermbed this tinding in a previous 
paper. 


DISCUSSION 


For a number of sound reasons physiologists have postulated a thermo- 
static center in the central nervous system. The probable location of this 
center in the hypothalamus has been deduced from copious experimental 
data. '° For maintenance of heat dissipation, this thermostatic center peri 
odically sends centrifugal nerve impulses to the spinal autonomic centers 
Which result in peripheral vasodilatation. The waves of vasodilatation noted 
in the experimental record probably represent these periodic discharges, 

Ablation of almost any region of the cerebral cortex seems to block these 
vasodilatory messages to the extremities opposite the side of the lesion, In 
the case of a totally functionless cerebral hemisphere (reeord 2) the waves 


of vasodilatation are not seen in the paralytic extremity while the tempera 
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ture of the normal extremity is maintained at almost a maximal level. 
Lesser disturbances in function in the cerebral cortex (record 4) result in 
depression of the skin temperatures of the opposite extremities. From: these 
extremities waves of vasodilatation may be recorded but they are usually 
more shallow and less frequent in occurrence than in the normal extremity. 
That vasodilatation in the affected extremities is not complete is deduced 
from record 3. Here a peripherally acting vasodilator renders the skin 
temperature of opposite extremities equal immediately. [t seems logical, 
therefore, to draw the conclusion that vasodilatory impulses, if they arise 


hour----9 


TEMPERATURE 
Rectal 
Right Sole 
Left Sole 


Recorp 4. Record taken following ablation in left hemisphere. Temperatures start 
out equivalently until environmental temperature is elevated. Left extremity takes on 
a higher temperature than right. Environmental temperature is sharply lowered; then 
elevated, There is a remforcement of the difference. 


from the thermostatic center, have synapse with cortical sympathetic 
neurones whence the impulses are mvested with a specific lateralization, 
The records obtained in this series and in Kennard’s earlier work indicate 
that vasoconstriction is equivalent in symmetrical extremities whatever the 
difference in skin temperature might have been previously. Vasoconstriction 
comes on rapidly, and a maximal state is quickly attained. The thermostatic 
center can probably send forth impulses for vasoconstriction, However, the 
experimental data herem presented indicate that the route of this impulse is 


certainly not via the cerebral cortex. Indeed, it would seem that the response 


of vasoconstriction to lowering the environmental temperature merely 


over a spinal reflex are. Cortical ablation would thus exert) very little 
influence over the vasoconstrictive reflex, 
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Another theory of the mechanism of vasomotor regulation in the 
extremities is possible on the basts of the expermental data. Vasodilatation 
may occur as the result of a complex reflex are, arising within the extrem 
Ines and making use of cortical neurones in the opposite cerebral henu- 
sphere. This latter port is postulated because cortical ablations disturb the 
reflex. In this retlex are, the thermostatic center may or may not be a way 
stauion, Elevation in environmental temperature with relation to the limbs 
would be the adequate stimulus for the reflex. The waves of vasodilatation 
indheate that there is a periodic initiation of the reflex. This suggests that 
after one reflex discharge a certain increment of environmental temperature 
must accumulate before the retlex is again precipitated. Such a vasodilatory 
system would be in antagonism with the vasoconstrictive reflex sys 
tem, Impaired effectiveness of the former (cortical ablation) would result 
in peripheral vasoconstriction and a colder extremity. This theory is amen- 
able to further experimental elucidation, 


SUMMARY 


The results of the experiments performed may be summarized in the 
following manner : 

1. Ablation of area 1, areas 2 and 5, areas 7, 17, and 6, or areas 9 
through 12 yields an effect upon the skin temperature of the contralateral 
extremity which in this series has always been in the direction of lowering 
as compared to the normal extremity, 

2. The effeet persists for months. 

3. equivalent lesions each hemisphere are made seriatim, the 
eXtremity opposite the latest ablation will have the lower temperature. 

4.0 unequal lesions in each hemisphere are made seriatim, there wall be 
the transient effect of the latest operation followed by resumption of a state 
where the lower skin temperature is on the side opposite the larger ablation, 

5. Panetal ablations seem to be as significant as premotor ablations for 
this effect on skin temperature, 


Because changes im skin temperature have been found with paralysis ot 


extremities, objection has been voreed that the Jow skin temperature os 
merely aretlection of decreased blood flow to that extrenuty. This objection 
seems well answered by the experimental data herem: presented. Vast skin 
temperature differences appear atter ablations im the frontal and ocenpital 
poles. These areas are certamly inert trom the standpomt of 
meter paralysis. Nblattons posteentral cortical areas result in diffienttie. 


with fine acral movements: no true paralysis occurs, however. this 
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series, Jesions in the posteentral region always yielded significant: depres- 
sions of skin temperature in the contralateral extremities. 

The evidence of the experimental data seems to point to the conclusion 
that the cerebral cortex is diffusely supphed with autonomic neurones. Such 
an assumption does not provoke accepted theory too far. In the course of 
evolution of the species, acral functions of extremities have become largely 
encephalized. Acral autonome control may have been simultaneously 
corticalized, 

The fact that ablations anywhere in the cortex affect: skin temperatures 
indicates that im the process of encephalization the autonomic nervous sys 
tem did not confine itself within definite bounds. This nervous system else- 
where does not lend itself to anatomic pigeon-holing. It must follow this 
same tendency in its distribution throughout the cerebral cortex. Perhaps 
the major concentration of autonomic neurones is in the premotor, motor, 


and parietal cortex, but ramifications extend to the frontal and occipital 


poles. The data from this series of experiments predicate the following 
postulate: In a given animal, the effect of a cortical ablation upon) skin 
temperature in the opposite extremity is dependent upon the amount. of 
cortical tissue removed. 
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A METHOD FOR THE ESTIMATION OF REGIONAL CEREBRAL BLOOD FLOWS 


Over the past vears the nitrous oxide absorption method proposed by Kety 
and Schmuidt™ has achieved wide application for the estimation of the blood 
flow through the cerebral tissue as a whole. However, histological evidence 
indicates a great variability in the relative vascularity of the several portions 
of the brain. Thus, for the most part, the white matter is relatively poorly 
supplied with blood vessels, while the gray matter, on the other hand, is 
very vascular. Some indication of the variable distribution of blood flow 
through the brain has been obtained by use of the so-called Gibbs needle 
Stromuhr." Another approach to the measurement of local blood flow ts 
the observation of the pial blood vessels through windows" or through the 
somewhat more satisfactory lucite calvarium.” At best, these methods esti 
mate the caliber of the pial blood vessels, but actually give little information 
about the blood flow through these small blood vessels. Recently Kety’ has 
reported on a highly sensitive method for simultaneous measurement of 
blood flow through all regions of the brain. This method involyes equilibra 
tion of cerebral tissue with a radioactive gas brought to the bram by the 
normal circulation; from the relative concentration of yas im the several 
areas of the brain, estimates of regional blood flow may be made. Since the 
amimal must be sacrificed at the moment of the estimation of blood flow, 
this method cannot be used to follow progressive changes. 

The Kety isotope tissue clearance technique’ has been apphed to a large 
variety of tissues 9 Attempts to extend this method to cerebral cireula 
tion were made by Kety’ who measured the rate of removal of Na?', and 
of an isotopically labeled yas, from: various injection sites in the brain. The 
data did not satisfy him, however, and he has abandoned this approach. 

Joatman measured the clearance of and P80), from areas in the 


* Research Assistant 

¢ Professor of Physiology 

Associate Professor of Physiology 

§ This study was supported im part by a research grant (H-1395) from the National 
Heart Institute of the National Institutes of Health, and in part by a grant from the 
Sandoz Pharmaceuticals division of the Sandoz Chemical Works, [ne 

Recetved for publication September 12, 1995 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol. 28, Dec-Feb, 1955/6 


brains of dogs and rats, but in these studies there was no precise localiza- 
tion of the injection site, and the disappearance rates were followed for 
periods of only 10 to 15 minutes. We decided to extend and elaborate the 
tissue isotope clearance technique for the determination of regional blood 
flow in the bram by applying the Horsley-Clarke stereotaxic instrument for 
the more precise localization of the imjection, by extending the period of 
measurement to SO minutes, and by applying certain indicated corrections to 
the data. The results of our studies indicate that with proper precautions 
this method may be used to estimate changes in blood flow through the 
brain. 


METHODS 


In these experiments a small, measured volume of saline containing an 
appropriate radioisotope was mjected ito specific, localized areas of the 
braims of animals using a Horsley-Clarke stereotaxic instrument as de- 
seribed below. The amount of isotope remaiming at the injection site was 
determined by use of Geiger counting tubes and austhary equipment, 


All studies were carned out on mature cats of both sexes, weighing between five and 
fourteen pounds ; these animals were all in good health but were not otherwise selected, 
The animals were for the duration of the experiment maintained in the surgical plane 
of anesthesia with Nembutal (pentobarbitol sodium) ; 60 milligrams per five pounds 
of body weight were injected intraperitonceally, with a subcutaneous sustaimimng dose 
equivalent to one-half the initial amount 

Surgery consisted of two parts. In the first, a cephalad-directed cannula was inserted 
in one carotid artery to provide maximal concentrations of the infused maternal in the 
brain with manimal concentrations elsewhere. Blood pressures were recorded trom: this 
same cannula. Ligation of a single carotid artery imposes no serious disability upon 
the cerebral circulation of the cat.” 

In the second phase, the skull was exposed and carefully trephined over the proposed 
site of injection as determined by means of the stereotaxic imstrument.* The injection 
was made with a tuberculin syrimge clamped in the electrode holder, 26-paupe 
oanch needle proved long enough to reach any part of the cat's brain. Atter each 
myection the needle was withdrawn, the surface area sponged to remove accidental 
hotope contamination, and the trephined hole was filled with bone wax 

The amount of the radioactive material remaining at the site of injection was 
followed by means of a Geiyer-Muller tube placed about one inch above the skull. 


\ layer of aluminum foi was placed over the window im order to minimize the danger 
ob 


Po provide an approximation of the progressively increasing backpround count in 
the area on the due to recirculation ot the Isotope,’ a second M tube wis 
placed ayamist the skin of the over the femoral region teach ot the tubes 


Lab Pronies Model No 


: 
304 
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Was connected to a scaler unit; these im turn were connected to chronograph pens, thus 
providing a continuous record of the counting rates. 

The isotope used in all cases was Por Na”; both of these ions have been shown to 
be cleared in an identical fashion from the various tissues." In the conditions of 
these experiments, approximately 30 microcuries provided a counting rate which was 
below the level that requires application of a coimeidence correction Cabout 15,000 
counts/min. with the equipment being utilized) and yet was high enough to maintain 
a level above 1,000 counts/min. (a level at which the plotted points began to scatter 
widely ). 

The role played by the volume injected is as yet unknown, but indications are that 


it may be an important one." In the present studies this volume never exceeded 0.5 mib., 


the average volume being 0.25 ml, 


Taare CLEARANCE FROM THE PNTERNAL CAPSULE 


K ty 
Isotope No. animals No. /min.) (mun) mil. 


| 27 1.14.48 734% Se 030 02 
Nao & 1.06 700 20 O13 03 


Dissolved agents were infused intra-arterially at a constant rate of Tomb /minw by 
means of a simple mercury-driven syringe system. Gases were administrated by 
tracheal intubation, using a Tygon airway fitted with an inflated cuff) to prevent 
leakage. The respiratory system was designed with minimuin dead air space and 
provided with a spirometer for concurrent measurements of minute volume, 

Electroencephalograms were made of a number ot the animals during infusion. The 
recorded potentials, obtained trom: electrodes placed over the frontal and the lateral 
occipital areas of the skull, indicated that each agent mamidested a definite effect upon 
the over-all electrical activity of the brain. 


RESULTS 

A series of 64 injections of radioactive iodine in the form of iodide was 
made directly into the mternal capsule of the brams of 27 cats. In each case 
the semilogarithmic plot of the disappearance curve showed several devia- 
tions from a purely exponential character. There was a rapid decrease in 
the amount of iodine remaining at the injection site during the first 15 to 20 
minutes, followed by a somewhat slower and, for the most part, relatively 
linear disappearance over the ensuing 60 to SO minutes. The slope of this 
line can be expressed in terms of per cent per minute removal. The data 
from all the experiments are combined in Table 1. The mean value for all 
determinations was per minute (mean half time. 73.4 min.). Since 


the rate of removal of 1! from muscles 1s approximately 54% per minute,” 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol. 28, Dec.-Feb, 1955/6 


while blood flow through the brain as a whole is known to be greater than 
the blood flow through muscle, this discrepancy clearly limits the usefulness 
of clearance as an absolute measure of cerebral blood flow. This low dis- 
appearance rate might be explained if local binding of the 1sotope occurred 
by interaction of the iodide with some component of the brain, This possi 
Inlity was ruled out in a small series of experiments using Na®?, which gave 
disappearance rates on the whole comparable with those obtamed with ['!. 
Since its unlikely that Na ion reacts with any component of brain tissue, 
“binding” cannot explain the low disappearance rate. 


2. or on J CLEARANCE FROM INTERNAL CAPSULE 


kK, Vol. 
No hefore after 
Dose ant- No. drug drug my. BP: after 
Drug (vhy./min.) mals exps. /miny (Co /min.y mil, BP before 


Histamine 
O85 0.12 72 07 97 O24 

Hyderpine 


* Range of dosage. 
+ Determined on & cases. 
{ Determined on 3 cases, 


The fact that in most cases a uniform, constant disappearance rate could 
he obtained after the 15th minute suggested the possibility that each animal 
might serve as lis own control, To show that simple manipulation of the 
anual would not alter the measured disappearance rate, ina small series of 
animals the disappearance rate was determined before and during the imtra 
carouid infusion of sodium chloride. Figure an example of the 
results im one of these saline infusion experiments. There was no detectable 
change im the rate of disappearance with the onset of the saline infusion. [1 
thus becomes possible to compare the disappearance rate during the period 
of with the control or pre-infusion rate to measure the effect of any 
infusable agent on the clearance from any accessible region in the brain. 

Ina small series of 19 experiments, histamine* in concentrations of 0.25 
to 2.5 miterograms per minute per kilogram: of animal was infused inte the 
earouid artery, En most of these cases there was a diminished clearance of 
iodine from the mternal capsule. Blood pressures, as measured by the con 


* Histamine diphosphate, Abbott 
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K=0 0357 


K=0 0095 


SALINE INFUSION 


K=0.0239 


K=0.0132 


K-0.008!1 


HISTAMINE INFUSION 


K-0.0127 


K=0.0327 


HYDERGINE INFUSION 


4 
TIME IN MINUTES 


big 1. Clearance of P from the internal capsule of the brain of the cat. Ordinates 
Counts in thousands per minute at injection site, corrected tor background. Abscissa 
Pime ino minutes after myection ob totope 
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ventional mercury manometer technique, are included along with the clear- 
ance values in Vable 2. If the diminished clearance reflects a diminished 
blood flow, then these data suggest that histamine is in fact a constrictor im 
the blood vessels in the area of the internal capsule. 

In another series of experiments, Hydergine®* was infused in exactly 
the same way as histamine was used. The dosage varied from 0.025 to 0.50 
nucrograms per kilogram per minute, The data obtained in these experi- 
ments are likewise included in Table 2. The increase in clearance observed 
inmost of the Hydergine infusions is consistent with the information which 
we have concerning the effects of this agent on blood flow through the brain 
as a whole, 

Characteristic clectroencephalographic changes could be correlated with 
the infusion of either histamine or Hydergine. Histamine infusion con 
sistently increased the sleep pattern in the record, while Hydergine infusion 
had the opposite effect. Alternate infusion of the two drugs resulted in cor 
responding alteration im the eG tracings. The electrical activity changes 
could not be localized, however, but were manifested as an over-all phenom- 
cnon, The direction of the EEG changes suggests at least a parallel to the 
effects of the drugs on tissue clearance and the [é1-G: records are thus taken 
as evidence to support the argument that blood flow changes are responsible 
for the changes in clearance. 


DISCUSSION 


The data presented suggest that Kety’s tissue clearance technique may be 
extenmled to provide a clearer understanding of the regional cerebral circu- 
lation. In the special case of the brain, clearance of locally mjected materials 
may not be entirely via the cerebral circulation. Other factors, such as the 
movement of the cerebrospinal fluid, must be taken into consideration ; how- 
ever, all available evidence would indicate that only blood flow could) be 
altered with sufficient rapidity to account for the changes im clearance noted, 
Thus the circulatory system ois probably the primary pathway for. the 
removal of the isotope from the site of mjection. 


The discrepancy between the relative blood flow rates im muscle and 


brain compared to the clearance rates in these two tissues requires com- 
ment. Clearance will be determined to a marked degree by the relationship 
between the injected material and the capillaries and small blood vessels im 


the injected tissue. Kety originally assumed that the injected material was 


distributed ino such a way as to cause minimal changes in local vascular 


* Hydergine® is a mixture of hydrogenated ergot alkaloids containing the methane- 
sulfonates of dihydroergocormme, dihydroergocristine and dihydroergocryptine. 


| 
a 
i 
Oy 
368 
: 


Regional cerebral blood flow KNAPP, HYMAN, BERCEL 


arrangements. be that in the brain, a tissue with achigh lipid content, 
the jected aqueous material becomes pocketed in such a way that clear 
ance is delayed. Kety" suggests that the shape taken by such a bleb of 
injected tracer may significantly alter the rapidity of isotope removal: thus, 
an ameboid deposit, because of its greater surface, would be more rapidly 
removed than would be comparable spherical bleb. Stull another explana 
tion for the relatively low clearance rates would be the binding of the ise 
tope at the injection site, That this explanation is not likely is mdicated by 
the similarity of results of the studies with cations, Na??, and anions, PM. 


It is difficult to relate our results with histamine to the earlier reports im 


the literature. Some previous studies have indicated that histamine dilates 
cerebral vessels’; others showed that total cerebral blood flow might) be 
increased, decreased, or unaltered after administration of this compound. 
However, in view of the profound effects on the blood pressure which occa- 
sionally oceurred in the later experiments, the actual changes cerebral 
vascular resistance are not clear. The present studies madiecate that histamine 
causes diminished perfusion of the internal capsule; since the simultane 
ously determined blood pressures were only moderately depressed, we 
would beheve that these data suggest vasoconstriction, rather than dilation 
as previously reported, 

The clectroencephalographic investigations showed that histamine pro- 
duced a deepening of narcosis. This was evidenced by the accentuation of 
the sleep pattern recorded by the EEG. As the concentration of histamine 
Was inereased, the manmifestations of narcosis also mereased. “These 
results suggest that dustamune potentiates the anesthetic, This mught be 
explained on the basis that histamine is a vasoconstrictor, [tis interesting 
to note that the altered electrical activity was obtamed trom: all portions of 
the brain studied and was not limited to a speerfie foetus. 

The results obtained with Pydergine were in accord with recent reports 
of its action upon the vasomotor center and the blockade of svmpathetu 
vasoconstriction in other regions. Tnall cases where the clearance rate was 
changed, the change was im the direction of an imerease. “The interesting 
characteristics of the action of Hiydergine were: (1) a dateney between the 
infusion of the drug and the onset of an altered clearance rate, and (iy a 
rhythnue fluctuation in the clearance pattern, “The lateney may reflect the 
time required for the drag to reach and mamta a specitic concentration at 
Its site of action before a response i eheited or perhaps, it may be the tine 
required for the drug to reach and penetrate certam receptor cells “The 
rhythnue fluctuations may be explained as a dynanne oscillation between 
the inherent constrictor tone of the blood vessels and the dilating tendencies 
of the drug. 
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The influence of Hydergine upon the electrical activity of the brain was 
quite the reverse of that seen with histamine. The EEG tracings suggested 
a decreased narcosis. To eliminate the possibility of other factors bringing 
about these electrical changes in response to histamine and Hydergine, care- 
fully controlled experiments were performed in which the two drugs were 
infused alternately at twenty-minute intervals into the same animal over a 
period of at least one hour. In all cases the AG tracings revealed a deepen 


ing narcosis during histamine infusion, the opposite effect with Hydergine. 


SUMMARY AND CONCLUSIONS 

We have deseribed an application of a modified Kety tissue clearance 
technique which makes possible to detect changes im the circulation 
through localized regions of the brain. Using this technique we have shown 


that infusion of histamine diphosphate into the carotid artery causes a 


diminished clearance from the internal capsule, while similar infusion of 
Hydergine causes an increase in clearance. 
That these changes in clearance may be related to altered blood flow is 


further suggested by simultaneous changes in the EEG patterns. 
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SITE OF ORIGIN AND REFLEX BEHAVIOR OF POSTSYNAPTIC NEGATIVE 
POTENTIALS RECORDED FROM THE SPINAL CORD{ 


In a previous paper’ evidence has been offered that not only the intra- 
medullary spike but also an early component of the following negative 
potential Clabelled Nya) is of presynaptic origin. Nya was attributed to 
activity in afferent terminals. The present note deals with the site of origin 


Cat Stimulus to internal saphenous nerve. AIL upper traces from 


pout Toon the ipsilateral side. Lower traces from contralateral points 2, 3, 4, 5, and 6 


respectively, Time for inner ring of records: 1000 cycle; for outer ring: 60> cycle. 
Note that No does not spread across cord. 


of the postsynaptic negative components, Nyb, Nu, Ca secondary wave crop: 
ping out from the descending limb of Nybj, and finally the late negative 
wave seen occasionally decerebrate cats several milliseconds after. the 
termination of the Ny Ns complex. The technique employed is deseribed in 


the carher paper.’ 


* Professor of Physiology 

+ Assistant Professor of Neurosurgery 
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The site of origin of a potential may be readily determined by syn 
chronous recording in two channels from a fixed ipsilateral lead and a 
contralateral lead shitted progressively around the cord. there be ne 
detectable difference in latency of either onset or crest of a wave in the two 


Exp 5-13-54 
STIM. L6DR 


Hig. 2. Acute spinal cat. Upper trace from ipsilateral surface of cord 
from 6th lumbar ventral root. Stimulus to 6th lumbar dorsal root 
of mid-dorsal record: cycle. Note that im lateral leads N 


Lower trace 
in lower trace 
is tiearly as high as N 


records and if the potential be consistently greater on the ipsilateral side, it 


may be concluded that its source is ipsilateral and that the contralateral lead 


isin large measure recording spread of current from: an ipsilateral souree 
Figure | indicates that such is the case for Nyb and No. The contralateral 
lead displays a small Ny and no No whatever. Such a result 


supypests a 
source for Ny omesial to that for Tf this supposition be correet, 
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lateral leads from the lateral aspect of the cord should show a relatively 


larger Ne in relation to the size of Ny. Figure 2 shows that this 1s indeed 
the case. 


ig 3. Acute spinal cat. Stimulus to 6th lumbar dorsal root. Time (below surface 
record) 1000) cycle 


Assuming that these potentials are due to sinks in somata drawing 
current from sources in ventrally directed axons, a needle tip progressively 
driven ventrally through the cord should record a reversal from negativity 
to positivity when it passes the equator between the sourees and sinks of 
the cells giving rise to the potential, In Figure 3, reversal oceurs most dor 
sally for the carly components of Nz and more dorsally for the rest of Ne 
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than for Ny. At the base of the dorsal horn, Ny has also reversed. [t may 
he concluded that the site of Ny extends deeper and more mesially in the 
dorsal horn than Ne. Consonant wath the lateral location of Ns is the faet 
that tas relatively larger in igure 3 where the needle track passes through 


Fig. 4. From same experiment as Figure 3. Time record of Figure 3 applies also to 
Figure 4. Note that Noas lower than in Figure 3 


the dorsal horn than in Figure 4 where the track is near the midline. The 
approximate sources of these potentials are madicated in Figure 5. 

Kigure 6 records the late negative wave from a decerebrate cat in chan- 
nels led from either side of the dorsum of the cord. In sharp contrast to Ny 


and N. the late wave is detinitely larger in the contralateral lead. Its contra 


lateral origin, its time relations, and its recruiting form: suyyest that it may 


be concerned with the crossed extensor retlex, 
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Turning to the reflex relations of the earlier waves, Ny is far more 


resistant to inhibition than is Ns, whether from an ipsilateral (Fig. 7) ora 


contralateral source (Fig. &, top row). In Figure 7, Ny is slightly reduced, 
Ne is completely inhibited at all intervals recorded, The polysynaptic reflex 


is commensurately reduced in the portion contemporaneous with Ny and 
completely inhibited in the portion contempo 
raneous with No, 
The top row of Figure S ilustrates partial 
inhibition of an ipsilateral reflex from a crossed 
source ma chromic spinal cat. Stimulation is a 
single strong pulse to the sciatic nerve of each 
side. Ny is reduced, No obliterated, the early 
polysvnaptic reflex reduced commensurately 
Mic. 5. Horizontal dines With Ny and the portion synchronous with 
indicate probable region of completely inhibited. In the second and third 
origin of Nob, vertical lines 
thet of Ne. rows amplification of the ventral root potential 
is increased. Row 2 shows an ipsilateral and 
two crossed reflexes illustrating the range in the crossed reflex response. 
Kow 31s devoted to ipsilateral inhibition of the crossed reflex. In the first 
of these there is no change in the cord potential, in the second and third, a 
slight reduction. In all three, there is complete inhibition of the crossed 
reflex. The conclusion is obvious. Crossed inlubition of the ipsilateral retles 
is largely mediated in the dorsal horn; ipsilateral inhibition of a crossed 
reflex is dominantly located in the ventral horn, 


DISCUSSION 


Qur localization of the site of Ny agrees with that obtained by Lindblom 
and Ottosson” who injected small amounts of osmuc acid at various ports 
inthe cord, We are not aware of any previous localization of Ne or of the 
late negative wave. 

The retlex role of Ny demonstrated by Hughes and Gasser” and by 
Hughes, MeCouch, and has been disputed by Bernhard and 
Widen ** on the ground that itis not inhibited by low threshold units im 
crossed cutaneous nerves; that increase in stimulus strength inereases 
reflex response linearly but increase in Ny follows parabohe curve; and 
that conditioning by an antidromic volley in the dorsal columms facilitates 
the reflex while inhibiting Ny. 

We quite agree that much stronger stimult are required to obtain crossed 
Intubition and that tas often unobtainable in acute preparations with little 
or ne positive wave. The lack of identity in rate of increase of retlex and 
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cord potential may be attributed to two factors: (1) the contribution to the 
cord potential of postsynaptic potentials ino subliminally stimulated imter- 
neurons and (2) the fact that deeper clements are not so well recorded 
trom the dorsum of the cord as superficial ones. Conditioning from the 
dorsal columns appears to offer a more serious objection, Measurement of 
the records im their experiment suggests, however, that the facilitated 
response is monosynaptic. A trace of a greatly inhibited polysvnaptic retles 


= 


hic. 6. Decerebrate cat: Stimulus to 6th lumbar dorsal root. Upper trace trom ips 
lateral dorsal surface; lower trace trom contralateral dorsum. Note that the late 
negative wave is larger on the contralateral side. Time: 60 cycle. 


Neute cat. Sixth dumbar dorsal root split inte two strands: conditioning 
shock to one, test shock to the other. Upper row: conditioning alone. Middle row 
test alone. Lower row: both Upper trace from ipsilateral dorsum of cord. Lower 
trace from Oth lumbar ventral root. Time Clower trace in last record of top row). 60 
cycle. Note prolonged ot No and et portion of reflex response conteripe 
rancous with it. 
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mmay be seen following it. Here, as in our records, the inhibition of the 
polysynaptic reflex is proportional to that of the reflex response. 

We question whether it is possible to dissociate interneurons giving 
origin to ascending pathways from those mediating reflex activity. It seems 
highly probable that the axons running up the cord give off collaterals 


Hic. 8 Cat with transection of cord 80 days previously, Stimulus to sciatic nerve of 
each side. Upper tracings: potentials from ipsilateral dorsum of cord; lower tracings 
from 6th lumbar ventral root. Top row: contralateral conditioning of ipsilateral reflex. 
Note similar degree of inhibition of cord and root potentials. Middle and lower row 
with higher amplification of root potentials. Middle row: ipsilateral reflex and = 2 
crossed reflexes to show range of crossed response. Lower row: ipsilateral condition- 
ing of crossed reflex. Note the virtually complete inhibition of the root potential with 
little or no reduction of the cord potential. Time: 60 cycle. 


which course to the ventral horn to excite or inhibit motoneurons. The 
finding that Nz is highly susceptible to inhibition merely confirms a much 
earlier observation by Hughes and Gasser.” 


SUMMARY 


The negative intermediary potential, Nyb, arises in the mesial portion of 
the ipsilateral dorsal horn including the region near its base. 

Ny arises in the lateral portion of the ipsilateral dorsal horn at site 
which does not extend so far ventrally as that of Nyb. 


The late negative wave seen occasionally in’ decerebrate preparations 


artses in the contralateral dorsal horn. Its threshold ts somewhat higher 
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than that of Nyb. [ts time relations and recruiting form suggest an assocta- 
tion with the crossed extensor reflex. 

Nib and Nz are associated with the ipsilateral flexor reflex. Nyb ts far 
nore resistant to both ipsilateral and crossed inhibition than is Ne. 


Inhibition of the ipsilateral flexor reflex occurs largely in the dorsal horn 


whether the source of inhibition be ipsilateral or crossed. 


Ipsilateral inhibition of the crossed reflex is dominantly in the ventral 
horn, 
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HIPPOCAMPAL FUNCTION: TENTATIVE CORRELATIONS OF CONDITIONING, 
EEG, DRUG, AND RADIOAUTOGRAPHIC STUDIES | 


And are we too bold in expressing the hope that... we may one day be able to bring 
mental experience and physiological experience into harmonious and meaningful 
juxtaposition? Jo Fulton: Manetional Localisation in the brontal-Lobes and Cere- 
helhon, The Wilham Withering Memorial Lectures, 1948. 


In this volume honoring Dr. Fulton, it is fitting to call attention to his 
great contribution to the study of functional localization in the brain. [tis 
of consequence to research on mental disease, our country’s foremost health 
problem, that long ago his interest in localization not only applied to the 
representation of bodily functions, but also transcended Sherringtomian 
tradition and extended to psychological processes. His use and promotion of 
interdisciplinary study for demonstrating correlations of brain function and 
psychological phenomena set the stage for lines of endeavor that promise to 
hé fruitful for years to come. 


During the past two decades investigations conducted in’ Dr. Fulton's 
laboratory and elsewhere have gone far substantiating postulated 
dichotomy in the funetion of the phylogenetically old and new cortex.” " 
This “schizophysiology’” has fundamental implications for psychology and 
psycluatry because bears on) distinctive attributes of emotional and 
intellectual behavior. [Tt also has immediate relevance to “psychomotor” 
epilepsy. 
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The structural basis for the foregoing dichotomy was impleit the 
anatomical findings of Broca. In 1878, he demonstrated that a large con 
volution which he called the great limbic lobe is found as a common denonn- 
nator in the brains of all mammals. The structural constaney of this primi 
tive convolution stands in contrast to the rapidly evolving neocortex: which 
mushrooms around it. Phe greater part of the phylogenetically old cortex ts 
contained ain the great 
limlte lobe. This cortes 
together with its sub 
cortical cell stations com 
prises a functionally im- 
tegrated system which 
he appropriately re 
ferred to as the limbic 
system) (see ref. 15) for 
terminology). Expert 
ment has shown that 
various forms of viscero 
Drawing of medial surtace of macaque’s 


brain, showing schematically that the limbre lobe con. 
behavior are dependent tas two concentric rings of phylogenetically old 


somatic and emotional 


om this stem, whereas cortex. The archicortex (black) makes up the imner 
; ring, and the greater part of the mesocortes Cstipple) 
is found in the outer ring. In evolution, the arclicortex 
is largely determined by as stretehed out by the growth of the corpus callosum 
the nedcortex and its as so that higher forms the bulk of it as folded inte 
the hippocampal formation in the imferomedial part of 
the temporal lobe 


problem-solving behavior 


sociated structures (see 
ref. 5). 

This paper will present some tentative correlations based on diversitied 
studies on the hippocampus that are in progress and bear on the problem: of 
functional localization im the limbic system, 

Ns diagrammatically dlustrated in Figure the Iippocampus is a large 
convolution comprising the greater part of the so-called arehicortes, which 
forms the innermost portion of the limbic lobe. evolution, with the 
growth of the corpus callosum, itis pulled out somewhat hhe a piece of 
chewing gum so that in higher forms the bulk of it comes to hie within the 
inferomedial part of the temporal lobe. te be emphasized that. the 
hippocampus has the structural features of the most primitive type of cories 
and that in development it bears a more imtimate relationship to the hype 
thalamus than the cortes that differentiates at a later time in phylogeny, 

One of the most striking demonstrations of the neural integration of 
limbic structures and the potential schizophystology of limbic and neoeorts 


cal systems is provided by mapping the spread of an atterdischarge mduced 
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in the hippocampus. As shown by Kaada” and others, such discharges have 
a tendency to spread throughout and be largely confined to the limbic sys- 
tem and periimbie structures. It is striking to find that intense seizure 
activity may propagate in the limbic system without resulting in an appreci- 
able alteration of the electroencephalogram recorded from. the outer 
convexity of the neocortex.” 

There are grounds for inferring that propagating seizures induced cither 
electrically or chemically in the hippocampus result in what must amount, 
in part, to a funetional ablation of the limbic system. Theoretically, there: 
fore, the study of intact waking animals during hippocampal seizures pro- 
vides a means of assessing the effect of the deprivation of limbie funetion 
on behavior. 

A general description of the behavior of an animal during a hippocampal 
seizure will provide background for presenting the conditioning, clectro- 
encephalographic, drug, and radioautographic studies to be summarized. It 
must be emphasized first of all that despite the intense nature of the seizure 
recorded electrically, there is generally little or no evidence of it in the skel 
etal musculature, Convulsive activity, if present, usually involves the tpsi 
lateral face. Sometimes there is gagging, retching, or salivation. A number 
of the spontaneous or induced behavioral changes during hippocampal seiz 
ures are reminiscent of those seen in animals deprived of the forebrain, One 
is Impressed by the animal's lack of spontaneity of movement and its seem 
ingly poor contact with its environment. There is an apparent incapacity for 
directed appropriate action in response to various stimull, Although) the 
reverse may happen occasionally, there generally appears to be under 
reactivity to painful stimul of moderate intensity. Intense noxious stimula 
tion, however, elicits a state resembling sham rage that 1s abruptly followed 
by the animal's assumption of prolonged catatonic-like stances when such 
stimulation is terminated, One can demonstrate the retention of a mumber 
of postural and viscerosomatic reflexes, 


CONDITIONING STUDIES 


The injection of microamounts of crystalline carbachol into the hippo- 
campus results ina prolonged seizure during which one can observe for an 
hour or more the type of changes that have been described.” Taking advan 
tage of this method, we undertook to obtain an objective measure of 
whether or not an animal is deprived of the capacity for directed, appropri 
ate action during a drug-induced hippocampal seizure.” Several cats and 
one squirrel monkey were conditioned to avoid a shock following the sound 
of a buzzer by crossing from one side of a cage to the other. At the time the 
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seizure Was reaching its height, these animals no longer responded appro- 
priately to the conditioned stimulus. They appeared confused and moved 
about at random, Upon receiving the unconditioned stimulus, however, they 
might at times (perhaps accidentally as the result of random, violent jump 
ing) reach the other side with greater alacrity than in the test under normal 
conditions. Finally at the very height of the seizure, they might: appear 
almost unresponsive or hop around in all directions. 

The conditioned escape situation requires bodily orientation and a com 
plex sequential relation of reflexes. It was, therefore, of interest to ascertaim 
whether or not a hippocampal seizure would also alter or abolish such 
relatively simple conditioned reflexes as a foreleg response or a change im 
the cardiac rate. This question also bore on another problem. Gantt has 
observed that a conditioned cardiac reflex may persist animal long 
after a somatic reflex conditioned by the same stimulus has become extin 
guished.” He refers to this condition as schicokinests, The foregoing expert 
ments, therefore, provided an opportunity to obtain a clue as to whether 
such a schizokinesis was in any way related to the schizophystology of 
the limbic and neocortical systems. In other words, it was sought to dis 
cover whether or not a hippocampal seizure would have a differential ettect 
on conditioned somatic and cardiac responses. This investigation has net 


reached a stage where it can answer these questions, but a number of 


experiments have demonstrated fairly conclusively that) hippocampal 


seizure may abolish or markedly alter conditioned cardiac and respirators 
responses, 

In the exploratory experiments on cats to be deseribed here, classical 
trace conditioning was used."* This chotee was based on the assumption 
that the interval between the conditioned and unconditioned stimuli: would 
bring to the fore differential changes in the heart rate and respiration that 
would not otherwise be so apparent. Although after an extensive number of 
trials no foreleg response was obtamed by this method, conditioned cardiac 
and respiratory changes were readily elicited, and this provided a means of 
testing the effect of hippocampal seizures on these aspects of conditionimy 
The conditioned stimulus was an interrupted sound and the unconditioned 
stumulus a shock to the foreleg. As illustrated in the left-hand records in 
Mig. 2, the conditioned stimulus was typically followed by some slowing of 
the heart and by shallow and more rapid respiration, [tis important te 
emphasize that the animals remained quiet during the interval between the 


* These investigations have thus far involved 13 animals. It should be emphasized 
that one must wait around 5 minutes between trials if one is to be successful in estab- 
lishing consistent cardiac and respiratory responses in the cat. The animals are trained 
to remain quiet in a restraining device. 


| 383 

| 


Vol. 28, Dec.-Feb. 1955 /6 


z 
= 
z 
< 
>» 
° 
° 
< 
z 
= 
> 
< 
> 


LA 


HOSIUMALAV 


LA 


[= : = 

3 = +3 | 

= | ) = 4 jos 

S | t 

| 

x 

° 5 


Studies on hippocampus MacLEAN, FLANIGAN, FLYNN, KIM, SFEVENS 


conditioned and unconditioned stimuli because one was thereby assured that 
the resulting cardiac and respiratory responses were not attributable to 
diffuse bodily movements. Onee these responses were established, the am 
mals were tested during hippocampal seizures induced by electrical stimula 
tion. Phere were many instances such as are illustrated in the first’ and 
second records of Fig. 2 where during the seizure there was no appreciable 
alteration of respiration or heart rate following the conditioned stimu 
lus, although the animal was able to respond to the shock. [nother mstances, 
such as illustrated in the third record, where there were clearly detectable 
changes in respiration, these did not begin to approach the pieture seen im 
the absence of seizures. Not indicated in the records, but of considerable 
interest, Was the alteration of the ammials’ vocal response to the uncon 
ditioned stimulus during the hippocampal afterdischarge. The plaimtive 
meowing that ordinarily followed the shock was replaced by growling and 


hissing. Ttois also sigmifieant to out that when single musele units 


happened to reveal themselves in the electromyogram, there was no change 
in the rate of their discharge during the onset and continuation of the 
SCIZUTE, 


EFFECT OF RESERPINE ON CONDITIONING 


Reserpine is now extensively used for the treatment of psyelnatrie and 
cardiovascular disorders. In the course of this work, observations have been 
made that pomt to certam parallels between the behavior of the reserpine 
treated animals and those subjected to seizures induced by the local applica 
tion of carbachol to the hippocampus. Pn both situations, the animal man 
fests a poverty of spontaneous movement, underreactivity to pamful stimuli, 
and a failure to direet its attack when the experimenter apples imtense 
noxious stimulation. further parallel is suggested by experiments 
which we have administered reserpine to cats in which consistent condi 


tioned cardiac and respiratory changes had been established.* Tt has been 


* Reserpine CSerpasily) was administered parenterally ina dose of limp sky We are 
grateful to Ciba Pharmaceuti al Products tor providing the Serpasil used im these 
experiments 


hig. 2. excerpts from records of 4 cats, comparing respiratory and cardiac responses 
to a conditioned stimulus during the usual test situation Cleft-hand records) and during 
hippocampal atterdischarges (right-hand records) When the eat as held ina restram 
ing device and trace conditioning is employed, the conditioned stimulus Celeks) is 
typically followed by some slowing of the heart and by shallow and more rapid 
respiration. See text for further description. 

EKG, electrocardiogram, EMG, clectromyogram from the leg receiving the shock 
Horizontal calibrations correspond to one second 
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found that one to four hours after the parenteral administration of the drug, 
these responses are no longer elicited 


ELECTROENCEPHALOGRAPHIC STUDIES 


In an clectroencephalographic study comparing the effects of various 
neuropharmacological agents on the limbic and neocortical systems, we have 
administered reserpine to cats.) The results of these experiments are 


also suggestive that a number of the behavioral changes seen in reserpine 


40 MINUTES APTER RESERPINE 


HIPPOCAMPUS -& 


HIPPOCAMPUS 


SUPRASYLVIAN 


20 HOURS APTER RESERPINE 


dexcerpts trom: the EEG of a cat at minutes and 20 hours after) the 
administration of reserpine. The upper record may be considered as typical of what 
one observes under normal conditions. The regular activity seen in the hippocampus 
appeared atter the experimenter called, “Kitty, kitty.’ Pn contrast atas noted that. the 
trom: the suprasylvian gyrus simultaneously became Lower 
record ilustrates that by the 20th hour atter reserpine slow rhythmic activity may be 
practically the Inppoeampus during long periods when desynchronized 
activity of the waking state as recorded from the neocortex. The record is also illustra 
tive ot the rhythiie activity which may be manitest in the region of the posterior 
hypothalamus and which appears to be synchronous with that seen in the hippocampus 
recordings tnpolar except uppermost tracing. R reterence electrode. Horizontal 
and vertical calibrations correspond, respectively, to one second and 200) microvolts 
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treated animals and those subjected to hippocampal serzures‘are attributable 
to alteration of function comparable neural structures. About four hours 
after the administration of the drug, the recording trom: the hippocampus 
begins to show a good deal of rhythnie activity ata trequeney of 3.5 to 4 
eveles per second. This activity is conspicuous only during periods when 
desyvnehronized activity of the waking state is recorded from the neocortex 

During the next several hours, rhythnue activity becomes much more con 

spieuous and develops a slower frequeney that usually ranges from 2.53.5 
eveles per second. As illustrated in Figure 3, by the 20th hour rhythmic 
activity may be practically continuous in the hippocampus during Jong 
periods when desynchronized activity of the waking state 1s recorded from 
the neocortex. The record is also dlustrative of the rhythmue activity which 
nay be manifest in the region of the posterior hypothalamus and which 
appears to be synchronous with that seen in the hippocampus. During the 
long period when the animal is recovering from the effects of reserpine, one | 


sees a gradual reversal in the course of the clectroencephalographic events 


that have been described. The changes in the heart rate follow a similar?’ 
time course, there being first a progressive slowing followed by a gradual 
return to the normal rate. The simultaneous recording of the electro 
encephalogram and the electrocardiogram gives assurance that the rhythnie 
activity recorded from the brain is not attributable to a pulsation artefact. 
It has been curious to find that except for the extended time course, the 
clectroencephalographic picture associated with reserpine has many similar 
ies to that observed during the induction and recovery stages of ether 
anesthesia, OF the agents we have tested, ether and reserpine are the only 
ones that have been associated with this distinetive type of electroencephale 
gram.* This suggests that ether and reserpine share some action im commion 
in regard to their effect on Iippocampal hypothalamic tunetion, which by 


inference is depressant im nature. 


RADIOAUTOGRAPHIC STUDIES 


The foregoing inference would be compatible with the findings of radio 
autographie studies employing S labeled Limethionine The results of this 
work will be more clearly understood af the nature of these experiments 1 
brietly desertbed. As methionine is an essential amine acid, itis incorporated 
inte protem When administered to an animal Henee the rate of incorpora 


S* after the administration of Linethionime serves as an 


* Tt has sinee been found that when an anunal breathes CO), the activity of the 
lnppocampus becomes very regular, but the few observations that have been made 
thus tar. at has been noted that the frequency of the potentials i somewhat 
faster than in the conditions under consideration 
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midex of the rate of synthesis of respective protems. Guided by this know! 
edge, we undertook to learn the fate of the rachosulphur in the bram under 
normal conditions, as well as in situations where an animal was subjected 
to infection, convulsions, or treatment with various drugs. The labeled 
methionine Cspecitic activity around 25 mniecrocuries per milligram) was 
administered intraperitoneally to rats in the amount of 4 milligrams. The 
tine of administration varied according to the demands of the experiment, 
except for the vanable under investigation, the experimental conditions 


were the same for the control and experimental animal, Sacrifice was car 


4. Radioautographs of comparable brain sections from oa control and two 
reserpine-treated rats. Sections cut simultaneously and mounted together to insure they 
would be of equal thickness and subject to identical photographic processing. Rat, 
whose radioautograph is shown at right, recerved reserpine on 3 and 1 days prior to 
administration of S*-labeled I-methionine. The other treated animal (lett) side of 
fivure) received a single dose on the day before. Section from) control as shown im 
middle, See text for further description, 


ned out by clearmy the circulatory system of blood after the animal had 
been rapidly anesthetized with ether, The Dram was fixed im siti. The 
brains of a control and one or more experimental animals were so mounted 
that comparable transverse sections could be obtamed on one cutting and 
mounted on a single shde. This insured radioautographic comparison of 


sections of equal thickness as well as identical photographic processing. 


Sections were usually cut at mierons and exposed by contact to Noray 
filin for periods generally not exceeding a week. Subsequently, the sections 
were stamed either with thronine or galloevanin. 


In control experiments, well-differentiated radioautographs were obtained 
from rats sacrificed within the first hour following an injection of the ise 
tope. Electrophoretic studies of the blood serum: revealed that almost all of 
the radioactive sulphur remaining inthe blood at the end of one hour was 
meorporated into blood protems. As briefly reported elsewhere, radioaute 
graphs obtained in this manner show depths of contrast that bear a striking 
resemblance to Nissl-stained sections Cef. right-hand) radioautograph of 
Sy. Accordingly, one finds the following parallels: (1) The radio 
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manifests itself predominantly in the grey matter, Gay 
cortex, generally, and the luppocampal formation, in particular, appear 
darker in the radtoautograph than the neocortex, (ry The cerebellar cortex 
Is also conspicuously dark. (iv) Tn correspondence with their deep colora 
nonin Nissl, such subcortical structures as the supraoptic, paraventricular, 
and tuberal nucler of the hypothalamus, the anterodorsal and medial habe 
nucle: of the thalamus, the 
interpeduncular nucleus of the 
nudbram, ete. appear darker in 
the tlm than other nuclear forma 
tons. Phe pituitary and pineal 
vlands, as well as the choroid 
plexus and ependymal lining, ap 
pear black in the film, 

It has been found that) radio 
autographs from rats treated with 
reserpine show a generalized de Fu. 5. of comparable 
crease in radioactivity. as come sections from hemispheres of control 


pared with the controls. This is right) and a animal See 
lons cut simultaneously and mounted to 
Wustrated Figure 4 which gether to insure they would be of equal 
compares the radioautographs thickness and subject to identical photopra 
pluc processing. The experimental animal 
had insulin-induced convulsions for an hour 
animals. The one at the right of te the administration of S-labeled 1 
methionme [ts brain shows considerably less 
radioactivity than the controls. contrast 
ceived reserpine (Serpasily ina tt the control, note that the region of the 
Iippocampus is as pale as the neocortes 
Curiously enough, im this aistanee the pyri 
three days before the administra form cortex and perithalamie reticulum were 
’ not atfected to the same degree as other parts 
of the braim 


Irom a control and two treated 
the figure is froma rat that re 
dose of Tomg./kg. on one and 


tion of S*® labeled) methionine. 
considerably paler than that” 
from an animal receiving a single dose Cleft radioautograph which turn 
is Jess intense than the control (niddle of figure ). 

The picture in the case of reserpine is essentially similar to what one 
finds after inducing deep anesthesia man animal be diterred there 
fore that reserpine, ike anesthesia, interferes with processes that lead to 


protem synthesis in the nerve cells of the bram. The qualitative appratsal 


of the radioautographs not only suggests that the changes resultuig from 
this imterference are generally manifest im the grey matter, but also that 
they are relatively greater in structures ordinarily showing a high depyree of 
radioactivity. Such differential effects have been most clearly seen in radio 
autographs from animals suffering from infections, or, as ilustrated in 


igure 5, subjected to a series of convulsions by means of insuline In the 
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figure, a section through the hemisphere of a convulsed animal is shown on 
the left and a comparable section from the control on the right. Tt is seen 
that the film in the region of the hippocampus of the convulsed animal is as 
pale as that in neocortical areas. In the light of these observations, the possi 
Inhity is suggested that such a structure as the hippocampus would stand in 
a position to be more readily affected than other parts of the brain by con 
ditions interfering with protem synthesis. If this were true, it would per- 
haps contribute a partial explanation of the electroencephalographic changes 
that have been described above and provide another clue as to one of the 
sites of action of reserpine. 


DISCUSSION 

The foregoing studies have presented) diverse experimental evidence 
indicating that derangement of function in the hippocampus and closely 
related structures results in measurable changes in the psychological be- 
havior of animals.* [tis obvious, however, that much more experimentation 
will be necessary before one can more than speculate about /iow the strue- 
tures under consideration influence psychological processes. OF the many 
distinctive properties of the hippocampus its peculiar bioelectrical activity 
comes nearest at the present time to giving a clue as to the manner in which 
this prinutive, enigmatic convolution affects cerebral function. After a briet 
review of the nature of this activity, it will be of interest to consider it in 
the light of some of the findings of the conditioning experiments that have 
heen deseribed in this paper. 

Ilectrophysiological studies have shown that, addition to brief re 
sponses, stimulation by way of various intero- and exteroceptive systems 
results in prolonged trams of rhythnucally recurring potentials in the hippo 
campal gyrus and the hippocampus. > Figure 6, showing a record taken 
from a conditioning experment, dlustrates the nature of the rhythmic 
activity that is evoked in the hippocampus by sensory stimulation. Tt has 
heen emphasized that such responses in the hippocampus are readily abol 
ished by small doses of barbiturates” A similar type of rhythmic activity 
also occurs spontaneously in the hippocampus at times when an animal 


appears to shift-or focus its attention or to become alerted. Green and 
Arduimn infer that this activity is dependent on the “reticular activating 
of the Dram: stent and state that it may be induced in the hippe 
campus by “arousing stimuli” that are too weak to affeet the neocortes. 

our own experience, painful stimuli are particularly effective in eliciting 


* The relevance of such findings to ehinieal problems has been touched upon else 


where! 
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perseverating rhythmic activity in the hippocampus, and it can be show 
that when so induced, it may outlast the desynehronmized activity Clow 
voltage, random, fast activity) that appears in the neocortes.” 

The question arises as to whether or not the foregoing bioelectrical 
findings are in any way related to differences we have observed in trying te 


establish conditioned somatic and autonomneally dependent responses by 


CLICKS 

EKG 


EMG SHOCK 


6. Record from cat in process of training by “trace” conditioning. Underlined 
section of tracing labeled 2) illustrates nature of perseverating rhythmic activity 
appearing in posterior part of body of hippocampus tollowing sensory stimulation. Note 
how at lasts through the interval between cessation of CS Celieks) and onset of US 
(shock) and continues subsequently. Cat still undergoing testing: so that sites of elec 
trodes have not been contirmed histologically. “Tracing from: bipolar electrodes 
mitended for posterior hippocampus; $2, right anterior hippocampus; $3, septum; 
240 oectosylvian gyrus. EKG, clectrocardiogram. EMG, clectromyopram from ley 
receiving, Shock. Horivontal calibration, second: vertical calibration, LOO microvelts 


“trace™ and “delaved™ conditionmg. the preliminary investigations 
desertbed here, “trace” conditionmy was used. This form of conditioning 
Was Chosen because of the assumption that the mterval between the appliea- 
non of the conditioned and unconditioned stimuly would bring to the fore 
changes in the heart rate and respiration that would not otherwise be so 
apparent. In the case of the cat) this proved a fortunate choice iisotar as 
the animal remained quiet durimy the mterval, and this pave assurance that 
the resulting cardiac and respiratory responses were not attributable te 
diffuse bodily movement. Xs was pointed out. the animals readily developed 


conditioned cardiac and respiratory respotises, but ne foreleg response im 
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spite of numerous trials. On the other hand, if one employs “delayed” con- 
ditioning, as we are currently domy in a continuation of this investigation, 
the foreleg response is quickly established. It should be emphasized that in 
“trace” conditioning there is an interval of several seconds between the 
cessation of the conditioned stimulus and the onset of the unconditioned 
stimulus, whereas im “delayed” conditionmy the conditioned stimulus 
overlaps in time the unconditioned stimulus. 

How is one to account for the fact that in the test situation that calls for 
the association of two temporally separated events, the cardiac and respira 
tory responses are readily conditioned whereas the foreleg response is not? 
In other words, how is one to explain the fact that learning in this case 
appears to impress itself more readily on the heart and Jungs than on the 
ley that receives the shock? The hippocampal formation is intimately 
related to the hypothalamus. [sit possible that the residual neural perturba 
tions remaining in these structures following sensory stimulation (see Fig. 
6) allow a more ready association of two separated events than is possible 
in the neocortex: where one does not see a comparable phenomenon this 
were so, it would provide a possible explanation of how two separated 
events are so related as to impress themselves more readily on the activities 
of the viscera than on the discriminative acts of the somatic musculature 
that are presumably dependent on the neocortex. In a similar fashion, it 
would help to explain why conditioning methods involving an overlap in 
time of the conditioned and unconditioned stimuli are more conducive to 
establishing conditioned somatic responses than “trace” conditioning. 
such deductions are borne out by further experimentation, they would have 
mpheations for learnimy theory as well as possibly for formula 
tions of dynanue psychiatry in regard to the childhood incipience of 
psychosomatic disorders. * 


* Some illustrations may be taken from the discussion in a paper presented at a 
Symposium on Neurovascular Relationships, Annual Meeting of the Couneil for High 
Blood Pressure Research, American Heart) Association, Cleveland, Ohio, November 
19, 1955 

One knows, for example, that in the house training of a dog one must punish the 
amimal almost instantly after ait soils or at will fail to learn the significance of the 
punishment and may subsequently assume a cowering attitude every time it sees its 
master. In other words, it fails to discriminate that the only time it needs to fear the 
hand of authority is when there has been a specific misdeed. Pavlov observed that, 
after establishing a reflex by trace conditioning, the animal might show the reflex in 
response to many different stimul In human affairs, a number of examples come to 
mind of situations that might lead to a comparable generalization. There is the situa 
tion, for example, where a mother habitually postpones punishment of a child until the 
father can administer the whipping. Is it not possible that) such trace conditioning 
would be conducive to the establishment of indiscriminate visceral reactions im child- 
hood? In the case mentioned, through the symbohe process, the father would stand in 
the position to become interchangeable with all authoritative figures who in turn are 
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The foregoing formulation would be compatible with mferences we drew 
in reporting the reserpine studies, as well as with observations reported by 
others concerning the effects of bilateral ablation of the hippocampal tormi 
non. Pribram has found in monkeys that Iilateral ablation of the hippe 
campus results in rapid extinetion of postoperatively acquired conditioned 
avoidance. Scoville has observed profound memory disturbances mn patients 
following bilateral excision of the hippocampal formation.” 

There ds at present no ready explanation of what accounts for the perstst- 
ing Diecleetrical changes that can be evoked in the hippocampus. Perhaps 
they are partly to be explamed by avalanche conduction along small ther 
systems feeding inte it. Some evidence from experiments that are vet to be 
published suggests that a persistent action of a neural transmitter (presum 
ably acetylcholine or like acetylcholine) that released upon afferent 


stimulation may be another contributing factor 


SUMMARY 


Past mvestigations have indicated a dichotomy im the tunetion of the 
phylogenetically old and new cortex. This dichotomy has miportant iphea 
tions for psychology and psyvelnatry because it bears on distinetive attributes 
of emotional and intellectual behavior. This paper deals with studies seeking 
aoturther elucidation of the psyvchophysiologieal role of the “old” cortex 
which is now recognized to be fundamentally involved 
and emotional functions. The greater part of the old cortex: 1s contamed im 
the Timbre lobe. Together wath its subcortieal cell stations. it comprises the 


limbic system, 


A semure that is induced either electrically or chenmneally in the hippe- 


campal formation has the tendency to spread throughout and be largely 
confined to the Timbie system. There are grounds for inferring that this 
results in What must amount part toa functional ablation of the 


system. Theoretically, therefore, the study of intact waking amimals during 


to be feared regardless of the circumstances in which they appear The psychosomiatny 
iniplications of this kind of surmise in regard to the cardiovascular system do not need 
to be belabored here. Most significant in another respect, and based om very extensive 
observations, are Gantts findings that a conditioned cardiac reflex may persist long 
after the somatic response conditioned by the same stimulus has been extinguished” tn 
lis words, the organism remembers with its heart, but mot wath specific movements 
“Thus the emotional basis tor action remains atter the external and superticial move 

ments of adaptation have been Jost Phe organism is pounded by past emo 
tonal memories, which prepare it for an act no longer required” In view of the effect 
of reserpine on conditioned cardiac and respiratory reflexes, it as possible that one of 
its clintcal benefits depends on its abilityAto modity or abolish conditioned visceral 
and viscerosomiatic respotises that have long since ceased to serve any adaptive purpose 
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hippocampal seizures provides a means of assessing the effect of the 
deprivation of funetion on behavior, 

Without special tests or mampulations it is difficult to appraise the 
changes in an animal's behavior during hippocampal seizures. The results 
of experiments employing conditioning methods are summarized. It has 
heen found that hippocampal seizures disrupt the performance of ammiatls 
trained in conditioned escape behavior. It has also been demonstrated that 
such seizures may abolish or markedly alter conditioned cardiac and 


respiratory FESponses. 


Reserpine is now widely used for the treatment of psychiatric disorders 


and hypertensive cardiovascular disease. A number of incidental observa- 
tions are cited that suggest certain similarities between the behavior of a 
reserpine-treated cat and one subjected to a hippocampal seizure. This 
impression is remforced by an experiment reported here where the admin 
istration of reserpine resulted in the abolition of conditioned cardiac and 
respiratory responses. Electroencephalographic and cerebral radioaute 
yraphic studies are deseribed that provide inferential evidence that a neura! 
system involving the hippocampus and hypothalamus may be an maportan 
site of action of reserpine, 


Some aspects of the relevance of the foregoing studies to behavioral 
problems are considered in the discussion, 
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D. G. MONTEMURRO * | Department of Phystology, 
J. A. Fb. STEVENSON + | Western Ontarto, London, Canada 


THE LOCALIZATION OF HYPOTHALAMIC STRUCTURES IN 
THE RAT INFLUENCING WATER CONSUMPTION | 


Hyperphagia and obesity occur following bilateral destruction of the 
ventromedial region of the hypothalamus. 9° On the other hand, bilateral 
destruction in the lateral area leads to anorexia and death. © In the rat, the 
ventromedial lesions also produce a reduced water/food intake ratio, a 
delayed excretion of a water load, inereased tubular reabsorption of water,’ 


and a small but significant merease serum) sodium. Phese signs were 


considered “reflections of a chrome state of relative dehydration, The low 


water/food intake ratio a deficit in the neural mechanism, responsi 
ble for thirst and ats alleviation." “This “hypothalamne lypodipsia® can 
appear following such lesions, regardless of the presence or absence of 


im 


hyperphagia and the development of obesity’ like hypathalanne hyper 
phagia and diabetes insipidus, i not fatal to the animal That the hypothala 
mitts influences thirst has been confirmed by the induction of thirst m goats 
upon injection of hypertome saline ante the medial portion of the 


hypothalamus.” 

The purpose of the present: study was to locate more precisely that 
area of the hypothalamus the destruction of which produces 
“hy podipsta.” 


ME LHODS 


Female rats of the Sprague-Dawley strain with an initial weikht of 200-250 pm, 
were used throughout the investigation ATL animals were housed in individual cages 
at an environmental temperature of 25.5 Co and were ted a synthetic, high carbo- 
hydrate diet contamimng the necessary salt and vitamin requirements tor the rat. 
chet yielded 418 keal/gm.; approximately 700) of the calories were provided hy 
sucrose, 106) by tat, and 206, by casem. food and water consumption as well as bods 
weight of all rats was recorded to the nearest gram at two-day intervals, beginning 
five days after the operation. 
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Hypothalamic lesions were placed with the aid of a Horsley-Clarke stereotaxic 
instrument as adapted tor the rat by Clark.” For the operation each rat was anes- 
thetized with Evipal (140 mgm./kg. body weight) intraperitoneally. The coordinates 
employed in placing the lesions (Fig. 1) were those appropriate for our stereotant 
instrument; they are not um 
versal, and may vary from one 
instrument to another. These 
coordinates along with their 
tions are seen in Table 1. In 
Figure the  mid-sagittal 
plane is) represented by the 
line O. The lines labelled R,, VENTROMEDIAL 
Ry and represent dis- | WUCLEUS 
tances 1 and 2 mm. on either THIRD 
side of the mid-sagittal plane. 
Positions anterior to the zero MAMMILLARY 
frontal plane, which runs | MUCLEUS 


| 
through the external auditory 
meatus, are represented by the 
Pig. Diagram of the hypothalamus of the rat 
(ventral view) showing the Horsley-Clarke coordi- 
nates employed. The line labelled Oo represents the 
mid-sagittal plane of the brain. Lines labelled Ry, Ry 
using a current of 1.5 ma. and Le represent planes mm. on either side of 
flowing for 15 seconds. the mid-sagittal plane. Lanes labelled Ay, As, Aw 
and A. represent planes anterior to the zero frontal 
plane which runs through the external auditory 
metry, and extent of these meatus. The crosses indicate positions of the lesions. 
lesions were later determined 


All lesions were placed 1 mim. 
above the base of the brain 


The true location, —sym- 


histologically. The rats were sacrificed under anesthesia by viviperfusion with saline 
followed by 100; tormalin. The brain was removed, the hypothalamic area dissected 
free, frozen (CO.), and sectioned at 20 microns. The sections were stained with eresy! 
violet, cleared in xylol, and prepared tor microscopic observation 


RESUETS 


A. Lesions producing the greatest degree of obesity. bron the reports of 
previous investigators’ 7 one would expect to find the greatest depree of 
“hyperphagia” and obesity in rats with Jestons in the muimediate region of 
the ventromedial nucle This was confirmed in the present study (Table 
2). The group Ag. Ry, Ly ate 24.2 6 2.2 ym. of food/day and gained 4.8 
yi. body weight/day, while the controls ate pmi/day and 
gained OS gm. body weight/dav. Plate Ta is a photomicrograph of the 
hypothalamus of rat Ag. Ry. be, 217 showing the extent of damage. In this 


rat, both lesions which were roughly Tomi. in diameter were situated im 


the ventromedial nuclei, but destruction had encompassed a sphere roughly 


2mm. in diameter. 
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The group of rats with lesions Timm. more rostral (Az, Ry, 1.) showed 
slightly less hyperphagia. The relatively large standard error of the mean 
food consumption (Table 2) indicates a wide variation among the animals 
inthis group and this was also true of the location of the lesions. Those rats 


Taste Location of Lesions 


Coordinates Location 


In the frontal plane of the optic chiasma medial to the supraopti 
nuclet, 


In the frontal plane of the anterior hypothalamic areas, just 
lateral and ventral to the filitorm: nuclear, 


In or around the ventromedial nucle: of the median eminence 


In the lateral hypothalamic areas at the same frontal plane as 
the ventromedial nuclei. 


In the frontal plane of the ventral premammutlary nuclet 


2. Fooo INtAKES oF Rats Hy porn Lesions 
AND Feo A 


/ ocatton of Duration hood Woater/bood 
lestonst days qu./rat/day cc./rat/day co./gm. rat/day 


Ky, 
R, 


lo 24.6 + 2.8 + 0.13 


I. 

Control lo 13.2 = 92 261A 26 + ().20 


*S.E.M. 

+ Horsley-Clarke coordinates 

Significance of difference trom: control values : 
Solid underlining P< 

Dotted underlining 105 


with high food consumptions had lestons impinging upon the anterior por 
tions of the ventromedial nucler, while those with low food consumptions 
had elongated lesions in the coronal plane of the filiform: nuclet, A photo 
nucrograph of a hypothalamus from this latter sub-group is) shown in 
Plate Th. 

Rats with lesions placed in the regions of the premammullary nuclei 
CAs, Ry, ba) demonstrated less hyperphagia and obesity than the group 
Ne Ry, Plate Leas a photommerograph showing the lesions present im 


Aa Rs, 
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rat As, Ry, Ly, 205. They are very similar to those of rat 217 (Plate Ta) 
in size and symmetry but are situated in the coronal plane of the  pre- 
mammillary nuclet. 

Four of the six rats receiving lesions in the preoptic regions (Ax, Ry. ba) 


died within a few days after the operation. The remaming two exhibited a 
slight hyperphagia and weight gain. Plate Id illustrates the lesions present 


Pratt Photomicrographs of sections from the 
(a) Rat-Ay, Ki, Ei, 
(b) Rat A;, Ri, bi, 25 
(c) Rat As, Ri, 205 
(d) Rat As, Rs, Un, 259 
The lesions appear as black masses the photomicrographs. Cresyl violet x38 


none of the survivors. Both survivors had asymmetrical lesions, the right 
one more lateral and smaller than the left. The four fatalities in this group 
had symmetrical lesions in the preoptic nuclet, 

The group of rats with lesions in the lateral hypothalamie areas (Table 2, 
Ng Re, Le) showed no significant increase in food consumption and only 
ashyht weight gam. This isin contradistinetion to the anorexia and weight 
loss reported by Anand and Brobeck’ © and which has been observed previ- 
ously inthis laboratory. For some unknown reason the present: lestons 
(Plates were smaller than those placed in any of the other rats 
and those reported by Anand and Brobeck. 
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Bh. Lesions producing the greatest degree of hypodipsta, All of the hypo- 
thalamic lesions in the present study produced a lowered water/food ratio 
(Table 2). The ratios were significantly lower than those of the controls 
only for the groups with lesions in the middle and caudal hypothalamus, The 

greatest decrease in the ratio appeared in those rats which did not demon- 
“strate hyperphagia. In the other four groups the low ratio was the result of 
an elevated food consumption with little change in water intake following 
the operation. 


Pratk Photomicrographs of a sec- 
tion from the hypothalamus of (a) Rat 
As 267 (6B) Rat As, Re. 266 
(c) Rat Aa, Re: Is, 270. The lesions 
appear as black bands running dorsally 
from the ventral surface of the brain 
roughly 2 mm. on either side of the 
third ventricle. Following the operation 
each rat showed no appreciable change 
in food consumption but a reduction. in 
water intake, Cresyl violet x38 


The rats with Jesions im the lateral hypothalamic areas (Ag, Re, Le), 
however, showed only a shght increase in food consumption but a selective 
and absolute decrease in water mitake (difference from controls P< 0.05). 
These lesions, situated at the same frontal plane as the ventromedial nuclei, 
were consistently small and clongated, destroving a narrow band of tissue 
through the lateral hypothalamic areas. Plate Pais a photomierograph of 
the Jestons present im rat Ag. Re. bes, 267. Here the lesions are represented 
by the dark-stainmg bands running from the ventral surface of the brain 
dorsally through the lateral hypothalamic areas. The ventromedial nuclei, 


dorsomedial nuclei, the column of the fornix, and mammillothalamie traets 


all remain intact. Although this animal's food consumption C15 gm. /day ) 


Was approximately the same as that of the controls, its water intake ¢13.5 
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ym./day) was only about half that of the controls (Table 2). The lesions 
present in rats Ag. Re. Ls, 266 and 270 (Plates IIb and Tle) were very 
similar to those of rat 267. Both of these rats showed an elevated food 
intake, 20.3 gm. and 20.0 gm./day respectively. Nevertheless, their water 
intake (16.6 and 17.3 ce./day) was decidedly lower than that of the con- 
trols (Table 2). It appears, then, that small lesions in the Jateral liype 
thalamic areas produce little change food consumption but detinite 
reduction in water consumption, 


DISCUSSION 


It is now well accepted that experimental hypothalamic obesity is largely 
the result of a dramatic inerease food intake, “hypothalanue hyper 
phagia.”’ The exact mechanism of the hyperphagia still remains obscure 
Nnand and Brobeck’ held that) destruction of the ventromedial nuclei 
released a “feeding center” situated in the lateral hypothalanue areas from 
inhibition hyperphagia resulted. Lesions placed this lateral feeding 
center resulted in anorexia and death. 

In 1949) Stevenson demonstrated that rats subjected to hypothalanie 
lesions showed not only hyperphagia but also “hypodipsia” his rats did 
not drink as much water per gram of food eaten as did the controls. In the 
present study we have attempted to find an area or areas within the hypo 
thalamus which may be responsible for the hypodipsia. We have agam 
found that allof the rats which showed hyperphagia, ranging from moderate 
to extreme, also demonstrated a relative hypodipsia. In most, this was the 
result of an elevated food intake with no change in water consumption, 

On first glance this would seem to be evidence that such lesions produced 
no abnormality in water metabolism. Plowever, when the composition of 
the chet and other conditions are kept constant, the ad libitum: water mtake 
of the normal rat varies more or less directly with the amount of food eaten 
whether this be varied by increasing the food requirement or by restrieting 
its supply. Phe hypothalamie animals failed to show this correlation of 
water with food intake. Indeed, their lower water/food intake ratio persists 
when they are pair-fed with their controls or when the supply of water as 
restricted to TO ce. per day. Hypothalamic “hypodipsie” rats also fail te 
merease their water intake when transferred from an environment of 22° ©. 
toone at 35° ©." The results of these studies suggest an abnormal situation 
where the fine adjustment of water metabolism has been in some way in 


paired by the hypothalamic lesions. We have not been able to produce 


complete absence of voluntary water drinking. 
Although the regulation of renal water excretion has been clearly 


the 


i” 


associated with the supraoptic nuclet in the anterior hypothalamus. 
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regulation of water intake has not been as accurately localized. In the 
present study, the greatest reduction in the water/food intake ratio oc- 
curred in those rats with Jesions in the lateral aspects of the lateral 
hypothalamic areas (‘Table 2, Aw, Re. Le). 

Unhke the hyperphagic groups, those animals maintained a relatively 
normal food intake but reduced their water consumption. Here, then, 1s an 
area within the hypothalamus, the destruction of which has produced little 
obvious change in energy metabolism but changes im the animal's water 
economy. It would appear from these studies that a “thirst center.” postu 
lated by Stevenson,” may be located in-or near the region of the lateral 
‘feeding center.” Because of the proximity of the ventromedial nucleus it 
is possible that obesity-producing lesions may impair the normal function of 
this lateral “thirst center.” 

The exact nature of the stimulus to this area and the mechanism by which 
it responds to produce a physiological effect require further imvestigation. 
In recent years evidence has been presented in favor of an osmotic stimulus. 
Andersson" has produced immediate polydipsia in the conscious goat by 
intrahypothalanue injections of hypertonic saline. Larsson” reports a transi 
ent hyperphagia following imtrahypothalanne injections of hypertonic saline 
in the goat. There is little doubt that a close relation between water reguia 
tion and energy metabolism exists. It seems possible that an integrated 
regulation of both these essential functions is situated in the same area 
within the hypothalamus. 


SUMMARY 


With the use of the Horsley-Clarke stereotaxic instrument, clectrolytic 
lesions have been placed at various bilateral loct in the hypothalamus of the 
rat from the preoptic region to the premammillary nuclei. Variations in 
food and water intake and body-weight gain were correlated with the 
histological localization of the lesions. The results were as follows 

1. The greatest degree of hyperphagia and obesity was obtained in those 
rats with Jesions in or around the region of the ventromedial nuclei. 

2. The water/food intake ratios were lower than those of the controls in 
all operated rats, but significantly so only for those rats with lesions located 
in the middle and caudal hypothalamus. 

3. Rats with lesions which produced the greatest degree of hyperphagia 
and obesity also demonstrated “hypodipsia.” In these cases the low water / 


food intake ratio was due to a dramatic increase in food consumption 
Without any significant imerease in water intake. 


4. Rats with lesions in the lateral hypothalamie areas showed no sig- 


nificant imerease ino food intake but a reduction in water intake. The 
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hypothalamic area responsible for this “hypodipsia” thus appears to be 


situated predominantly in the lateral hypothalamie areas in the same frontal 
plane as the ventromedial nucle. This hypothalanne area which has been 
previously shown to be important im the regulation of food intake——the 
“feeding center” 1s apparently also important in the normal regulation of 
water intake. 
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THE FIELD FUNCTION ON THE BODY SURFACE DURING MOMENTS IN THE 
U WAVE IN NORMAL SUBJECTS AND IN PATIENTS 
WITH CARDIAC PATHOLOGY}; 


Attention to the U wave is practically nonexistent among clinical electro 
cardiographers. Nevertheless, this wave exists, is most frequently found in 
the precordial leads and less often in the limb leads. Characteristically, when 
the ( wave ts present, its direction is generally the same as that of the T 
wave Which it follows. [ts greatest amplitude seems to be found in V2-V4 
or 5, and then it declines and disappears in V6 and V7. In rare instances an 
inverted (in the precordial leads may be the only evidence in the electro 
cardiogram of the existence of heart disease. There are times when it falls 
on the downstroke of Ty while at other times it appears ina diphasic ternn 
nal portion of TP. In practically all observations thus far made it was found 
na fixed tune relationship wath 

It cannot be assumed that because (ois ina fixed time relationship with 
(), the OU interval is a measure of the refractory period of the ventricle. In 
the intact dog heart, the basal fibers of the Jett’ ventricle were. found to 
emerge from the refractory period last, and this moment corresponded with 


the end of Tin the precordial elecirocardiogram, The refractory period was 


never found to extend to where | would terminate. We must therefore 
recognize that (ois independent of the refractory period, and this makes 
it necessary to seek for its explanation in electrical events in excitable tissue 
that occur after the refractory period. That such a phenomenon exists ean 
be seen in the work of Erlanger and Gasser, who have shown both negative 
and positive after- potentials long after the period of excitation accompany- 
ing the propagation of the nerve anpulse. Such after-potentials seem to be 
associated with various phases of recovery and are profoundly intluenced by 
metabohe mechanisms affecting recovery, 

Many of the speculations offered to explain the origin of the Uo wave 


invoke an extracardiac as well as cardiac origin. [In general most observers 
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now believe that it arises from electrical activity in the ventricles and ts in 
some way related to the recovery of the ventricle from: excitation even 
though it oceurs after the refractory period ts completed. Tf itis an electrical 
event arising in the heart muscle as a result of excitation, then an electric 
field should be present during its inseription. Hf we knew what the char 
acteristics of this field were, perhaps some of the objective tindings regard- 
ing the Uo wave mentioned above would find a satisfactory explanation. In 
this communication the potential distribution during moments im the U 
wave has been established in normal subjeets and those wath cardiac 


pathology, and it will be seen that the reason for the distribution and 


character of this wave in the different leads begins to become clear. 


MELHOD 


The method for obtaining the potential field at any given instant im the cardiac cycle 
and tor drawing equipotential lines has already been described in detail! Pwo channels 
of information were recorded simultaneously. One channel served as the time reference 
clectrocardiogram, the other as the recording channel made up of the potential at the 
exploring electrode paired with the Walson central terminal as a tixed electrode. “Thuy, 
for any moment in time the data were analyzed for the imstantaneous algebraic value 
of potential of the exploring cleetrode with respect to the central terminal dt ts 
Important to recognize that with potential values as low as are obtamed during the 
Uo wave they may almost be considered to have absolute sapniticance since wath such 
low values at the limbs the potential at the central terminal as probably zero. Tt wall 
be observed trom the diagrams that it was possible with the aid of a binocular miere 
scope and magnification of 30 x% to measure potential values almost exactly to within 
Ol of aay. However, most of the number values were distinctly larger than mv. 
and this permitted the establishment of the geometric properties of the equipotential 
lines at all values without ditheulty 


RESUS 

In the first set of data Chigs. 2) the instantaneous equipotential 
distribution is shown for two normal male subjects. The imstant mn bigure | 
was that moment in tine defined as 460 msec. after the onset of Roi 13. 
In this subject the OT interval measured 380 msec, The mostant im Figure 2 
is $80 msec. after the onset of the time reference electrocardiogram, 
this record the OT interval was 360 msec. In both diagrams the moment 
corresponded with the be seen that only the positive 
field as deseribed. The negative values at other pots on the chest were less 
than may. and theretore are not charted; however, the region could 
he vaguely recognized as occupying the right) shoulder, the limb 


attachment, and right asia. 
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In Diagrams 3 and 4 may be seen the potential field at two moments 
during the Uo wave 570 and 624 msec. after the onset of Roin the time 
reference electrocardiogram of a patient with left ventricular hypertrophy 
and left bundle branch block. The QT duration was 507 msec. In Diagram 
3 it is possible to distinguish both a positive and a negative region of the 


| 
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Fig | Fig 2 


Big. 1. Equipotential distribution during a normal male 18 years old. This 
diagram is the same as one on upstroke and downstroke of U, only the number values 
varied, 

bic. 2. bequipotential distribution during Coin a normal male 28 years old. This 
diagram also is the same as one obtained on upstroke and downstroke of U, only the 
number values varied 


distribution, Again, the positive region occupies the left precordium, but the 
neyative region is now an the deft: axilla. Contrast this with the normals 
where the negative region probably occupied the right axilla and shoulder. 
These diagrams are examples of many potential fields plotted during vari- 
ous moments inthe Co wave, on its ascending slope and on the downswing 
from the summit as well as at the summit. The striking feature character 
wing all of them is the identity of the geometric form of potential distribu 
hon at all moments during the U wave, only the number values of the lines 
varying ineach diagram. Diagram 41s a field plotted 54 msec. later in the 
same subject and shows the positive region not to have changed im position 
or inits geometric form, but the negative region has waned and is no longer 
recognizable 

One general feature that characterizes the potential fields in’ all the 
diagrams is the marked asvmmetry of the equipotential lines and. their 
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striking irregularitv. In this feature they are altogether simular to other 
potential fields already described during the QRS and To complexes in 
normal subjects and those with cardiac pathology!" * 


DISCUSSION 


The above data in a most striking manner reveal that an electrical 
disturbance occurs during the Uowave, for we find at various moments 
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fig 4 


hia. 3. Equipotential distabution during upstroke of a subject with hypertensive 
cardiovascular disease with Jett bundle branch block, aged 66 


hig. 4. Same subject as in Figure 3, but 54 msec. later. Description in text 


during Toa two-pole distribution that is, a region of positive and negative 
potential, Unfortunately, surface potential measurements cannot in prinerple 
necessarily and sutherently elucidate the real source of the potential. The 
magnitude of the potential values, however, is such as to preclude their 
origin in the recoil of the aorta or the flow of blood through it. unlikely 
that the rapid inflow of blood in early diastole gives rise to an electrical 
disturbance sufficient to cause the ( wave, for af this were so, then the 
wave While varving in amplitude according to velocity and volume of imflow 
could not vary im sign. Neccordingly, would always remam negative in 
VR where at normally is, and positive inthe preeordim where at normally 
is. Diagram 3, however, shows a negative field in the deft axilla mstead of 
the night. and negative (waves have been encountered in the precordial 


leads in diseased hearts with and without Towave changes.” \We are led to 
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the conclusion that the kinetics of diastole inflow cannot explain the genesis 
of the wave. also ditheult to attribute the potential field during 
the distension of the ventricles by the inflow of blood during diastole, since 
the greatest distension occurs in presystole, while the strongest potential 
field occurs in earliest diastole, We are accordingly led to postulate that the 
current source ts in the ventricles and represents a phase of the recovery 
process, 

Support for this hypothesis may be derived from the following. The 
location of the positive distribution is directly over the heart suggesting that 
itarises there, As one travels from the precordium, the potential falls oft 
rapidly so that the negative part of the distribution, especially in the normal 
subjects, becomes so attentuated as to be unrecognizable. The geometric 
form of the positive potential field is almost exactly like that during the ST 
segment and various moments m the To owave. This directs attention to the 
possibility that the recovery processes in the ventricles which are retlected 
inthe formation of Sand To" are also at the basis of the U wave. 

The problem arises whether Uomay be attributed to the late termination 
of the refractory period im some fibers that are late to recover, as, for 
example, those somewhere im the septum. Aside from the fact that no evi 
dence has been adduced to support such a view, there are some observations 
agaist it. Our observations on the termination of the refractory period in 
various parts of the intact dog lett ventricle have shown that the latest fibers 
to recover are not in the septum but in the left: ventricular base. Vheir 
refractory period terminates at the end of Toor shortly thereafter, but not as 
late as U. \What is equally important, however, 1s that the positive potential 
distribution of Toand (ois almost identically located. The close similarity 
between the location and the geometric form: of the (and Vo fields im the 
normal as equalled by the identity of their nonrotating properties. The 
potential function dyring Uomerely waxes and wanes in time just as had 
heen shown to occur during Toand this is strikingly different from) that 
during the ORS where rapid rotation and shifting of the maxima im space 


OCCUPS, 

The irregularity of the potential lines in all the diagrams supports the 
view that the source of the potential in the heart giving rise to the electric 
field is as compheated as is that which gives rise to the fields during the 
ORS, SE, and VT. Hf the source were a simple dipole, the potential distribu 
hon on the body surface would be expected to be as already described tor 
an itrathoracie Dipole, namely, smooth regular lines” The conclusion would 


appear to be warranted that all the heart: fibers contribute toe the field ; 


because of the variation im time and duration of the “after potential” ii the 
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complex heart mass, the resulting potential tield on the surface is complex 
also, 

Some explanations for the electrocardiographic findings regarding (in 
the various leads now emerge. The low potential at the limbs makes a 
recording of (difficult in limb leads and explains its greatly reduced 
frequency in these leads. The highest potential values are found directly 
over the heart mass, represented by position V2-V5. [tis in these leads that 
Lis most prominent. Since the potential falls away towards the axilla, the 
(wave should flatten and disappear in these leads as it actually does. The 
potential fields in the normal subjects merely wax and wane in time without 
rotation. This accounts for the occurrence of a positive or a negative Coin 
a dead but not a diphasic complex. Finally, the locations of the positive and 
negative regions occupy the same areas as they do during the ST segment 
and Towave. This explains why the (in general is positive or negative as 
the Tis positive or negative. There still remains to be explamed the rare 
case in Which the precordial To waves are positive while the Uo wave ts nega 
tive. Further charting of such fields should throw light on this) strange 
phenomenon. [tas probable, however, that what has oceurred is a shitt of 
the negative region normally occupying the left) axidla im some cardiac 
subjects towards and over the left: precordium., 

Not enough is known to permit: speculation as te whether the factors 
responsible for the electric field during Tare simular to those during UI 
might be suggested, however, since the precordiuns is positive, that during 
the after-potential the recovery of the heart underlying this region occurs 
sooner or faster than in other regions of the heart, thus rendering this area 
positive and the overlying surface positive, 

The nature of the post-refractory processes that may be mvelved in the 
genesis of the wave can only remain in the realm of speculation at 
present. Electrical activity at this period in the recovery process would exist 
especially supernormal period were present. “Phat this can oceur ts 
attested by experiments on nerve, skeletal muscle, and the dog and chim 
panzee ventricle, The presence of ectopic beats mostly occurring during this 
period directs attention to the existence of a supernormal period im many 
such instances, since ectopic beats and supernormality are beheved to be 
dependent one upon the other.” 

Nevertheless, the occurrence of a > wave in the normal male makes it 
unhikely that its genesis in the normal can be related to the existence of a 
supernormal period, Inthe intact dog ventricle supernormal periods are not 
encountered, He the normal human heart 1 not different metaboleally from 
the normal dog heart, then the normal human heart also probably does not 


possess a supernormal period, The normal human subject, however, does 
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have a © wave in the electrocardiogram and exhibits a potential field on the 
body surface during moments in the (. Tt must be considered, therefore, 
that other electrical processes besides the supernormal period can participate 
in the yenesis of the Uo wave. 


SUMMARY 


1. An electric held exists during the Co wave which waxes and wanes. 


2. Its characteristics are similar to the field during the To owave which 


it follows, 


3. The complesity of the equipotential lines pomts to a complex 
electrical source im the heart. 

4. Clinical types of waves are deducible from: the potential distribution. 

5. “The nature and location of the distributions makes it unlikely that the 
be explained by electric forces generated by rapid inflow im early 
diastole. 


6. The position of (in the eardiae evele precludes its origin in potentials 


caused by cardiac distension, 
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S. OBRADOR* Instituto de Nenroctrugia, Madrid. Spain 


SOME HIGH LEVEL SYMPTOMS IN ONE HUNDRED OPERATED TUMORS 
AFFECTING THE MESO-DIENCEPHALIC REGION 


More than twenty five vears ago John Fulton was iterested im the eme- 
tional disturbances following experimental lestons of the base of the bram 
(studies with Ingram in 1929°), and in the symptoms produced by tumors 
of the third ventricle (paper from Cushing Clinte in collaboration with 
Percival Bailey, also in 1929°), 

From our own neurosurgical material of over one thousand braim tumors 
and expansive intracramial lesions, operated upon in Madrid) during the 
last mine vears, we have collected the first hundred examples of tumors 
localized near the meso-diencephahe area, third ventricle, and Dram: stem. 

It is hardly necessary to insist on the well-known fact that tumor material 
is not very adequate for the study of the symptomatology of any cerebral 
region, The imerease of intracramal pressure, the lydrocephale dilatation 
of the ventricles, the edema of the nervous tissue, ete., represent: variable 
factors that make very difficult the evaluation of our results. Besides, we 
find im many patients a confusing mixture of positive and negative symp 
toms that defy any careful physiological evaluation. “The signs of irritation 
of one structure are frequently mixed with those expressing the liberation 
of lower levels and with others due to the diminution or absence of funetion. 
The extreme variability of similar clinical lesions is also well known and at 
Is Necessary, of course, to consider in addition to the localization and 
extension of the lesion the rate of development and growth of the tumor, 

The cases studied trom: our material can be divided the following 
LTOUps 

Pituitary adenomas 

56 predominantly 


of the optic chiasm 


Tumors of the third ventricle 
44 predominantly 


Tumors of the pineal region and posterior part 
“intrinsic” tumors of the third ventricle 


‘Tumors of the bram stem 


* Director of the “Tnstituto de Neurocirugia” 
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In the revision of the climeal notes of these hundred cases we have found 
a great number of high level symptoms that can be separated im two main 
groups: preoperative and postoperative. We have excluded completely im 
this revision the epileptic phenomena. 

The symptoms during operation on the diencephalic region were observed 
Inonly a few cases since we usually operate on our patients under general 
anesthesia. In five patients, however, under local anesthesia, we recorded 
periods of confusion, disorientation, agitation, or somnolence during the 
manipulation of tumors inthe viemity of the hypothalamus, and while 
approaching the third ventricle through the lateral ventricle or aftersection 
of the corpus callosum. 

The obvious preoperative symptoms recorded in the clinical histories and 
their frequency can be grouped in the following way : 


Mental changes, loss of memory, deterioration, ete. 
Inditference and apathy 

Somnolence 

emotional disturbances, depression 
Disorientation, confusion, hallucmesis 

excitation, irritability, aggression 

*Aquinesia”’ 

Fatal coma 


This great variety of clinical, high level symptoms in the patients suffer- 
ing from tumors in the proximity of the meso-diencephalic region is even 
more rich during the postoperative period as might be expected because of 
the surgical trauma. The list of these postoperative symptoms runs as 
follows: 


Ixcitation, agitation, disorientation, negativism 
Somnolence and) stupor 

Confusion and hallucinosis 

Indifference and apathy 

“Aquinesia” and mutism 

motional disturbances 

and polyphagia 

Moria 


The study of the relative frequency of the high level symptoms in relation 
to the pathological type of tumor gave the following results : 


ay 
; 


Tumors of meso-de nee phali region | OBRADOR 


50 predominantly 44 predominantly 


“extrinsic” tumors “intrinsic” tumors 


Pituitary adenomas O Third ventricle 7 
Cramopharyngiomas 6 | Pineal region 

sVinptoms eer a 
Basal meningiomas | Bram. stem 4 


Pituitary adenomas Third ventricle ...... 


Basal meningiomas Brain stem ......... 


symptoms 


7 5 

Postoperative ] Cramopharyngiomas Pineal region 3 
5 3 

3 


It seems that the preoperative high level symptoms are more frequent in 
the “intrinsic” tumors of the third ventricle and in the cramopharyvngiomas 
and basal meningiomas compressing this region. Although the merease of 
itracramal pressure and the accompanying hydrocephalus may play a role 
in the development of these symptoms, the lesion of the region around the 
third ventricle as such appears to have some significance, 

In the postoperative group oof svimptoms the removal of pituitary 
adenomas may be followed by very interesting syndromes. We have ob- 
served states of confusion, puerility, disorientation, amnesia, lack of atten 
tion, and abnormal behavior. Tn one of these cases with a late recurrence of 
the adenoma the autopsy disclosed only a moderate compression ot the 
chencephahe region, trom: the optie chiasm to the manimutiary bodies, that 
seemed to be responsible for the great mental changes. In two other cases 
of pituitary adenomas the patients showed, during several weeks following 
the operation, very marked psvelne disturbances with contusion, disorienta 
Hon, amnesia, lack of attention. and the continuous performance of organ 
ized acts, like plaving cards, drinking. smoking, erotic excitation, ete. These 
cunous climeal pretures have certam similarity te other mese 
cheneephahe disturbances, like the syndrome wath disorentation, 
and confabulation 


Ino the predominantly “intrinsie tumors of the third ventricle the tre 
queney of fatal postoperative coma is unfortunately very high eases). In 
other patients we observed apathy, sommolence. “aquinetie’ of 
the opposite states of agitation and irritability. Some ane 
rather complex climeal pretures of organized visual halluemosis together 
with different auditory sensations have been occasionally observed atter 
operations tor cramophary ng 

\lthough ats very difhentt to draw any physiological conelustons fron 


such rough cliameal and operative material there is one doubt that 
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mivading or compressing the meso-diencephahe region produce different 
changes and disturbances in the high level cerebral activity. These changes 
vary from or moderate alterations ino the personality, attention, 
memory, orientation and emotional reactions to more severe disturbances 


expressed as confusional delirious states, agitation and irritability, “aqui- 


netic” mutism, negativism, somnolence and stupor ending in fatal states 
of coma. The vital importance of the meso-diencephalic region of the human 
brain is thus obvious, since our patients showed all degrees of disturbances. 
In this field, as ino many others of neurophysiology, the correlation of ex- 
perimental and clinical observation. has an extreme importance. his 
extensive studies on the central nervous system John Fulton has always 
taught and followed this line of research; for myself, as a neurosurgeon, 
Tam most grateful for his teaching. 
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J. PLSUNYER*® New York, New York 


JOAN D‘ALOS AND THE DOCTRINE OF THE CIRCULATION OF THE BLOOD 


The pubheation 1628 of Harvey's sInatomica de Motu 
Cordis, was ignored by most of the faculties in the medical schools. [ts 
experimental approach disturbed a world subdued by dogmatic medicine, 
and very few men realized the importance of the upheaval that was taking 
place in man’s thinking. 

The Sorbonne was particularly conservative in this position, revealed by 
unplacable scorn and stubborn opposition to the teaching of the new doc- 
trine; the Spanish medical schools shared in the attack and their most 
prominent leaders, headed by Matias Gareia, author of Disputationes .tna- 
tomicae Ab Harveyo Suseitatoe Motu Cordis Arteriarum et Sanguinis (in 
folio, 1648), and Andrés Piquer, the “Spanish Elypoerates” (1711-1772), 
turned Valencia, and later Madrid, into very active centers opposing the 
circulation thesis; Salamanaca, Aleala, and other universities took the same 
stand. J. J. Izquierdo refers to this opposition in his excellent book, //arvey, 
Iniciador del Método Ivperimental” Later, when the circulation of the 


blood was generally accepted, several Spanish historians claimed predeces- 


sors to Harvey. 

The Medical School in’ Barcelona may be considered as an exception 
because of two remarkable men, Franecese Morello and Joan d’Alos. 
Morello is the author of Medicinale Patrocinium Sanguims Circula- 
tionem (1678), a brief book contaming a good description and defense of 
the circulation thesis. Joan d’Alos Serradora, son of Jaume and Joana, 
Protophysician of the Princedom of Catalunya and barldoms of Rossello 
and Cerdanya, is a very interesting figure, active in’ political and medical 
circles. Born on April 16, 1617, in Moja, a mountain village about. fiity 
miles north of Barcelona, he married Maria Ferrer in the Cathedral of 
Barcelona on July TX, 1657. He was elected city alderman in 1666; later, 
Was a captain in the army in the medical corps (1OX4), and representative 
in 1690. Catedratico (Professor) of Prima de Mediemai since 1664, he 
taught anatomy, aphorisms, and pharmacy. Upon his death in Barcelona on 
Mareh 15, 1695, he was buried in the cemetery of the St. Michael Parish, 
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Three of his books, all three very remarkable, are available. Chronology 
cally, the first as) Pharmacomedica Dissertatio de I iperets Trochisets 
(Barcelona, 1664). This booklet, a quarto of 34 pages, is a valuable study of 


YN 


Tombstone of the Alos family 


pharmacognosy and therapeutics, part of a controversy with Miquel Vilar, 
from Vadenei. There is a copy in the Labrary of the Bishop's Palace im 
Jarcelona least there was a copy there 1936 before the Civil War 
‘Two vears alter pubheation the booklet was supplemented by ped 
Catalana Sie et Reformation (Barcelona, 1666 ; 


250 paves mn tology. This wits. as faras we know, the first intent of a mone- 
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graphic study of the local pharmacopea. “The library of the Necademy ot 
Medicine in Barcelona has one copy of this book. 

The third book, and by all means the most important, is Ye Corde Homuints 
Jnsquisitio Phystologico-Anatomico, published Bareelona im by 
Joaquin Gascon. Antoni and Baltasar Ferrer are the printers. [tts a beauti 
ful volume of 247 pages, with a dedication to the Marques de Villena, with 
the customary review by Jaume Sola, also a professor at the Medieal 
School, and the /ipromatur by Ro Anton Garrigo, countersigned by the 
Vicar General. The Medical School Library in Barcelona has six copies of 
this book and there is one copy each in the possession of the brary of the 
distinguished Tnstitut de Fisiologia, the Academy of Medicine Coriginally 
inthe Library of the College of Surgery), and the Alos family. This does 
not pretend to be an exhaustive list; it ieludes only the copies found in 
Jarcelona ina careful search for the preparation of a study on Joan 
with Professor J. M. Bellido. 

The text describes Harvey's doctrine in detail, with many valuable 
supplementary data and comments. A reading of the book does not seem te 
midheate that Alos checked Harvey's descriptions experimentally except, 
possibly, the most elementary ones such as the properties of venous cireula 
tion studied in human subjects. He appears very impressed with the book of 
the Tenglish anatomo-physiologist and insists on the value of a complete 
study and wide diffusion of Harvey's doctrine, regretting the qualifications 
of “incertain invention” given to obvious faets, a diaphanous allusion to 
Andrés Piquer. With clear vision not shared by most of his contemporaries, 
Alos affirms that “the doctrine of circulation, far from: contradicting the 
natural curative methods, perfects and explains them.” Chapter NN "On 
the Cireular Motion of the Blood.” Alos summarizes the ideas exposed im 
the previous sections; the hist of marginal headings for the various para 
yraphs evidences an approach completely divergent) from) contemporary 
Spanish books on similar subjects: “Harvey, Discoverer of Blood Cireutla 
hon,’ of Cireulation.” “Reply to Matias Garcia.” with a list of 
propositions by the Valencian physician opponent of the circulation doc 
trine and the corresponding refutation, Very interesting also is Chapter 
NANI on blood transfusion, with a worthy deseription of methods, a dis 
cussion of the possibility of rejuvenation by blood from: young annals, the 
prediction of therapeutic appheations, and even a list of situations when the 
use of human blood might be feasible. This chapter and the following three, 
upto the end of the book, on the “Admurable Histories Showing 
of the Heart Movements,” “On the Adnurable Constitution of the Arteries,” 
and “On the Diverse and Notable Differences in Pulse’ are the most 


original, enriched in some sections with new appheations and observations 
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Neither Chinchilla) nor del Real’ mentions Altos, although thes 
discuss extensively the Spanish contribution to the knowledge of the circu 
lation of blood, before or after Harvey. The catalogues of the New York 
Academy of Medicine and the New York Public Library do not include any 


of Alos’s books, or any cross reference to his work, 

Joan dAl6os was not an investigator, but he was fully aware of the signs 
of change and progress around him. He distrusted the traditional methods 
of disputations and formal reasoning, although using them: in some sections 
of his books, and called impassionedly for the use of precise observations im 
exploring the human body and its functions. We see hin at a distance as a 
scholar and leading physician, a member of a bourgeois family ennobled by 
the Archduke Charles of Austria during the War of the Spanish Sueces 
sion. With an analytical mind, Alés devoted his leisure hours, out of an 
active practice, to public service in representative positions of government, 
and to the teaching of medicine. Although his book has been forgotten, it 
represents a valuable contribution to the studies on circulation, 
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OBSERVATIONS UPON CEREBELLAR CONVULSIVE ACTIVITY 
INDUCED BY STRYCHNINE! 


For many years one of Professor John Fulton's major interests im neure- 
physiology has been the interpretation of cerebellar activity. Elis many 
contributions to the relationship of cerebellum and cerebrum have clarified 
the integration of the motor systems. The presentation of certam expert 
mental findings concerning “convulsive” cerebellar activity. would seem, 
then, to be appropriate on Professor Fulton's anniversary. 

Some years ayo in the course of studies on epileptic discharge, a group of 
Hopkins investigators’ noticed an unusual type of high voltage, rapid cere 
bellar activity resulting from the intravenous injection of strychnine and 
other agents. It was thought at that time that this phenomenon had not pre 
viously been deseribed, but one of us (G.ELP.) came upon an earlier refer 
ence in the Italian literature to this type of cerebellar reaction.” In the past 
five vears this rhombencephalic convulsion has been analyzed by a number 
of investigators so that its characteristies may be briefly deseribed as 
follows : 

Following the intravenous injection of strychnine, mtrogen mustard, and 
dichloro-diphenyltrichloro-ethane (DDT) and, at times, after electrical 
stimulation of the cerebellum, regular, rhythnue waves of high amplitude 
(200-450 pv) at frequencies of 10-32 per second, lasting from munutes to 
several hours may be recorded from the cerebellar cortex, dentate nucleus, 
braimstem, and spinal cord.’ These rhythmue discharges are not seen im 
the cerebral cortex.’ but according to the study of Beaumont Johnson,’ they 


the cerebellum, brachium conjunetivum, tegmentum, reticular 


formation, and inferior olivary nucleus. The red nucleus and caudal por 


tions of the thalamus and the fields of Forel are also mvolved, although the 
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anterior part of the thalamus and basal gangha are silent. That the cere 
bellar activity represents “the summated efferent discharge of the Purkinje 
cells” responding to afferent: brainstem volleys has been suggested by 
Bremer and Bonnet,’ who beheve that the phenomenon is related to tetany 
of the afferent bulbo-spinal projection to the cerebellar cortex. They found 
that the anterior Jobe of the cerebellum and the vermis had high voltage 
responses and the lateral lobes, low voltage spikes of inversed polarity 
which they believed were due to diffusion of the potentials from the vermis. 
It seems generally agreed now that these cerebellar discharges are, as 
originally deseribed by Gualtierotth and Capraro,” due to bulbo-cerebellar 
circuits, and possibly spino-bulbo-cerebellar circuits. 

The extent of cerebellar participation in these rhythmic discharges has 
occasioned some difference of opinion, In their early studies Markham, 
etal.” thought that the phenomenon was present in both vermis and lateral 
cerebellar lobes, but Bremer and Gernandt® concluded that the activity of 
the lateral lobes was due to diffusion of the vermis potentials. In investi 
gating this problem further we have noted several interesting findings 
which are presented in this paper. 


METHOD 


The present series of experiments has been performed on six cats. Under light ether 
anesthesia and local infiltration of the neck and scalp a tracheal cannula was inserted 
and the scalp incised. After pre- or transcolheular decerebration or ume or bilateral 
subpial “sucker” resection of the occipital lobe the anterior lobe of the cerebellum was 
exposed by removal of the bony tentorium. Two animals were decerebrated during the 
course of the experiment. The posterior vermis and the paramedian lobule were ex- 
posed by a posterior cramectomy. The dura was opened wide and the cerebellar cortex 
covered with mineral oil, The ether was discontinued at least 142 hours before the 
recording started 

The electrical activity was recorded with ball-tipped silver wire electrodes (0.6 mm 
in diameter), resting upon the pial surface. In bipolar recording the interclectrode 
distance ranged from 1.5 to 2 mm. bor monopolar recording the “indifferent” lead 
was clipped either to the temporal muscle or to the head holder. The activity was 
recorded with a Grass electroencephalograph, having a time constant of Oo) second 
and a high range tilter reducing the voltage 50% at 70 eps. 

Just before the injection of strychnine, the animal was immobilized (succinyl-choline 
chloride, 30-40 my. intravenously) and artificially ventilated. Strychnine phosphate 
in dosage of 2.5 goin 2.5 0% of aqueous solution— was injected through the saphenous 
vein, Usually one injection was sufficient to induce “convulsive” cerebellar activity 
lasting for the entire experiment, but oceasionally a second injection was given at least 
two hours after the first if the synchronized activity had completely disappeared and 
could not be re-induced by auditory or somatic stimulation. 
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RESULTS 

This study has confirmed the general characteristics of cerebellar “con- 
vulsive’ activity. following the intravenous injection of strychmine, Ne 
further deseription will be presented of these findings which are well 
deseribed by Gualterotti and Capraro,” Markham, ef and others" 

of cerebellar discharge. Vhe topical particrpation of the cerebellum 
in the rhythmic discharge has been studied by gangs of silver-tipped elec 
trodes placed on the surface of the exposed cerebellum, Responses have 
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6 
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6-7 


1. (K-14). cat, decerebrated, immobilized by sucemyleholine chloride and 
artificially aerated, was given 2.5 mg. of strychnine sulphate one hour before this 
record, The electrodes were placed upon the cerebellar cortex as indicated in’ the 
enlarged sketch of the exposed cerebellum at the right. The distance between recording 
electrodes was 2 mm. The traces (A) at the left are monopolar recordings of the 
activity, which is seen to vary from vermis to cerebellar hemisphere but to be present 
throughout. In the traces (1B) at the left are bipolar recordings from: the same pots 
asin (A). In all illustrations the vertical lines in the night lower corner imdicate the 
stated voltage calibration, and the horizontal line an interval of one second 
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been noted from the superior and posterior parts of the cerebellum) accessi- 
ble to recording. The activity of the floceulo-nodular Jobe and of the 
vermian lobuli IN, and of Larsell” were not sampled. 

In Figure 1 the activity of the lateral and vermian folia is shown in both 
monopolar (A) and bipolar (B) recording. The frequency of the discharges 
is the same im all traces in the monopolar recording. The amplitude is 
higher (approximately twice) in the vermis (pts. 5, 6, 7) than in the 
lateral lobules (pts. 1, 2, and 3). However, there ts considerable variability 
in the voltage of the discharges. In the bipolar recording these disparities 
are even more pronounced, Many factors besides the topical location of the 
electrodes may be responsible for these differences the orientation of the 
electrodes on the folia, the pressure of the electrodes on the cerebellar cor- 
tex which appears to be sensitive to compression, and the placement of an 
electrode over a suleus. It is noteworthy that the polarity of the spikes is 
reversed in the vermis and lateral fola. In the bipolar recording (1B) the 
point of transition is difficult to determine, in fact, itis not clear that there 
is out-of-phase activity, Bremer and Bonnet’s' interpretation of the vermian 
potentials as discharges induced by afferent bulbo-spinal volleys would seem 
correct, but the hemispheral potentials appear greater than can be accounted 
for by diffusion or field effect. The amplitude differential does not) vary 
topographically as one proceeds laterally in the manner expected if diffusion 
were the only factor, and, secondly, as will be shown later, the activity of 
the paramedian lobule is quite distinct from that of the more lateral folia of 
the cerebellum and adjacent folia of the posterior vermis. Further studies 
are required to solve this problem. 


ffect of electrode orientation on the recording of cerebellar discharge on 
the folium. Four electrodes were placed on the pial surface in such a way 
that simultaneous linkages were possible either along the length of a folium 
or across the same or two adjacent folia, The interelectrode distance was 
the same in both directions. Under such conditions, usually, the transverse 
linkage exhibits a “convulsive” activity similar to that seen in “monopolar” 
recording, but the longitudinal linkage shows less synchromized discharge 
(Vig. 2). 

This feature is particularly evident at the slower frequencies of the 
“strychnine waves” (10-18 eps.). It is present on all regions of the cere 
bellar cortex from which the convulsive activity can be reeorded, both in 


mtact and decerebrate preparations, but it seems more evident in the latter, 


Usually it remains a constant feature throughout the course of the experi- 
ment, but in two annals from the most Medial foluum of the lobulus ansi 


formis a spontaneous inversion has been observed. In these animals the 
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hig 2. OK-7). Traces trom the cerebellum as indicated one hour and thirty minutes 
atter the intravenous imyection of 2.5 mg. of strychnine sulphate. The distance between 
recording electrodes was 1.6 mm. The longitudinal recordings from the folia are of 
much more amplitude than the transverse. This as true in both the vermis and 
hemuspheres 
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longitudinal linkage showed much more pronounced “convulsive” activity 
than the transverse one, In one animal the imitial recording showed the 
usual transverse dominance, then the reverse appeared and persisted until 
the end of the experiment. Unfortunatelf, the transitional period occurred 
ata tune when the electroencephalograph was turned off. In the other case 
the longitudinal recording was dominant intially and persisted so through- 
out the experiment. Electrode placements on other regions of the cerebellar 
cortex in the same animal pave the more usual characteristic, that 1s, a 
transverse dominance. It is interesting to note that this unusual response 
was recorded from the same region in the two animals, namely, the most 
medial folium of the lobulus ansiformis. 

When the electrodes are so arranged that the activity across two adjacent 
folia can be compared with the activity along these foha, the feature 
deseribed above is usually accentuated (Fig. 3). 


Peculiarities of “convulsive” discharge of the paramedial lobule. Vhe 
paramedian lobule seems to react differently to the other parts of the cere 
bellum which we have examined. Both in intaet and decerebrate prepara: 
tions the resting electrical activity of the paramedian lobule is practically 
the same as that of other cerebellar areas. After imjection of strychnine, 
however, the paramedian lobule does show such) well-svnchronized 
activity but a general increase amplitude and numerous random: fast 
spikes, usually positive or diphasic in polarity (Pig. 4). 

The difference between this lobule and other part of the cerebellar cortex 
is particularly evident at the lower frequencies of convulsive activity. Tt ts 
present in “monopolar” and in bipolar recording, either from: one or from 
two adjacent folia. 

Sipolar recording with one electrode on the paramedian lobule and 
another a few millimeters away, on a folium of the posterior vermis, shows 
marked high voltage “convulsive” activity, which may be slightly irregular. 

In Figure 4 itis observed that the trace from one posterior verniuan 
folium exhibits very little synchromzed low voltage activity (linkage 7-8) 
and that recording from two adjacent folia of the paramedian lobule (link 


age 6-5) has the same general characteristics as seen with “monopolar” 
technique, However, a high voltage, fairly well-svnehronized activity, spiky 
in character, is apparent in the traces from electrodes on the paramedian 
and posterior vernuan lobules (7-6 and 8-5). 


DISCUSSION 


The “convulsive” rhythmic activity of the cerebellar cortex seems to 
result: from the bombardment of bulbo-spinal volléyvs upon the Purkinje 
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1 sec 
3. (K-7). Traces taken one minute atter the injection of 2.5 of strychnine 
sulphate. The interelectrode distance was 2 mm Phere as marked activity a the 


transversely placed electrodes and relatively little activity am the 


onented electrodes 


eells, the threshold of which has been lowered by the action of strychnine 
Phe preeise origin of these volleys has not been detinitely aseribed te any 
particular anatonneal unelear group. Beaumont who dias studied 


this aspeet ot the problem, concluded that the paroxysmal discharpes were 
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present in practically all nuclear masses caudal to the brachium conjunct- 
vum, especially the reticular nuclei, inferior olivary bodies, and vestibular 
nuclei, This suggests that several cerebello-petal systems in varying degrees 
may be ampheated in the rhythmic activity. This multi-system discharge 


7 


hig. 4. (K-7). Taken approximately one hour after the injection of 2.5 mg. of 
strychnine, this trace shows monopolar recording Cat the deft) with approximately 
equal activity from the vermis and poorly synchronized and much less regular activity 
from the paramedian lobule. In the bipolar recording at the right, high voltage activity 
is seen in the records taken from the paramedian and vermian folia as described in 
the text. The interelectrode distance was 1.6 mm. 


might account for the extensive involvement of cerebellar cortex and 
perhaps for the peculiarities of distribution which have been noted. 

The finding that the paramedian lobule participates poorly this 
rhythmic discharge does not appear to be explicable on the basis of evte 
architectural structure or anatomical connections. The exceptionally well- 
marked rhythnne discharge of the anterior lobe and vermis may be related 
to the richness and convergence of their afferent connections from. the 
bulbo-spinal axis. 

It seems evident that the differences im records made with clectrodes 
longitudinally and transversely oriented to the cerebellar folia must be due 
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to the temporal and phasal relationships of the incoming volleys to. the 
cerebellar cortex. [tis possible that the phenomenon might be the result: of 
cortical neuronal connections, so that longitudinal excitation is much more 
rapid than transverse. This concept is compatible with the known anatomn- 
cal characteristics of the mossy fiber-granular system) which courses from 
one end of the folum to the other.” However, this cortical thesis would 


require much slower conduction across the folium than one would expect. 


A second explanation is based upon the asstmption that the meoming 
volleys, synchronous at their bulbo-spinal origin, bemg carried over fiber 
systems of different caliber at varying rates of conduction become slightly 
asynchronous at their termination im the cerebellar cortex. A topical 
arrangement of the endings of these systems in the cerebellar cortex: would 
explain the different times of discharge of the Purkinje cells at the lips 
and at the convexity of the folium. 


SUMMARY 


The rhythmic synchronous discharge induced in the cerebellar cortex by 
the intravenous administration of strychnine is shown to occur im the 
supertor, posterior, and lateral parts of the cerebellar vermis and hem- 
ispheres. The activity is minimal when recorded along a cerebellar folium 
and maximal when recorded across a folium or two folia. The significance 
of these findings is discussed. 
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THE EFFECTS OF PRECENTRAL LESIONS ON THE BEHAVIOR OF MONKEYS‘ 


Professor Fulton's important contributions to the study of the precentral 
motor cortex need no reviewing, At the time the studies here presented 
were undertaken in his laboratory, certain questions stimulated by his work 
repeatedly entered our discussions. This report is addressed toward some of 
these questions. 


ducy, in the introduction to the recent monograph on the precentral 
motor cortex, makes the following statement: The editor regards the pre- 
central motor cortex as the principal efferent or effector cerebral cortical 
mechanism by which the brain expresses its activity through the skeletal 
musetlature” Tmpheit in this statement is the suggestion that all learned 
behavior finds expression through efferents leaving the precentral region ; 
that afferents relay signals to the “primary projection” cortices: whence 
internunelals lead to the “association areas” which, in turn, play upon the 
precentral cortical areas. To be validated, this viewpomt must be supported 
by the following evidence: anatomical, showing a preponderance of separa 
tion between afferent and efferent tracts in the cerebrum; clectrophysto- 
logical, showing a minimum: of overlap between those areas responding (by 
“evoked potentials’) to peripheral stimulation, and those areas which, when 
electrically excited, give rise to peripheral responses; behavioral, showimy 


that learned behavior is unpaired by injury to the more-or-less “final” com 


mon path. This paper deals with some experiments in the last category. The 
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discussion will be concerned, as well, with experiments in’ the other 


categories, 

Regarding the specitic effects of lesions of the precentral cortex on 
behavior, three conceptions need clarification. The data giving rise to these 
conceptions are, in brief, as follows: a lesion of the precentral cortex inter- 
feres with patterned muscular contraction in some situations but these same 
or approximately similar patterns may be observed intact im other situa 
tions. Thus. an animal may fail to grasp a nal which holds together a box 
contaming a peanut but grasps an equivalently thin wire composing the side 
of a cage while climbing ; a patient may fail to close his fist on a tenms ball 
when asked to grasp ait but will turn a doorknob in order to escape from a 
ward during a conflagration. Such data have given rise to two conceptions 
popular in clineal neurology: that the precentral cortex is implieated im 
“Skilled movement”; that the precentral cortex is impheated in “voluntary 
movement.” A third conception emphasizes the lack of effect of precentral 
lesions on the solution of problems provided some movement is possible, 
This conception looks, therefore, for an alternate approach to the specitica- 
tion of the relationship of the precentral areas to behavior and characterizes 
the impairment as an involvement of “postural mechanisms.” In order te 
estimate the relevance of cach of these conceptions, we reinvestigated the 
effect of precentral lesions on the patterns of response under several con 
ditions. Opening a hasp box to obtain a peanut, discrimination of visually 
presented patterns, and the delayed reaction were used as quantitative 
behavioral indices. Neurological examination and observations of the am 
mal’s activity im dis living quarters and im a relatively free environment 
provide background maternal agamst which the experimental data can be 
interpreted, 

Some questions regarding the nature of the precentral lesions affecting 
behavior were also asked. Does locus of lesion within the precentral areas 
make a difference? Ts extent of lesion an important factor? Ts the decrement 
in performance of a limb contralateral to a lesion imereased when that lesion 
is made bilateral? Ts the effect of lesion dependent on removal of tissue or 


. 


the result of “irritative’ sear at the borders of the removal? The experi 


ments reported suggest answers to these questions, 


MATERIALS AND METHODS 


Nine mimature rhesus monkeys were used in these experiments. Eaght of 
these animals received one or another resection of the preeentral ayranilar 
cortex, the ninth was given multiple implantations of aluminum hydroxide 
cream over this cortex, 
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SURGICAL METHODS 


Under intraperitoneally administered barbiturate anesthesia and using aseptic 
technique, a frontal osteoplastic cramotomy was pertormed through a coronal imeision 
The bone flap was hinged on the temporal muscle, the dural flap based on the sagittal 
sinus. The frontal cortex was exposed trom the arcuate to the intraparietal sulcus, 
from the midline to the Sylvian fissure. Subpial ablation of the appropriate cortex. was 
carried out through a pial incision and with a 19-gauge needle suction tip. The anterior 
removals ieluded the posterior bank of the arcuate suleus; the posterior removals 
included the anterior bank of the central fissure. AIL removals extended ‘into the 
superior bank of the calloso-marginal suleus. The extensive lesions involved all of 
these “buried” areas. Hemostasis was accomplished by temporary packing with cot- 
tonoid pledgets and waiting, rather than by cautery. For the “irritative’ lesion, alumi 
num hydroxide cream was placed in five one-centimeter silver discs and these were 
distributed over the lateral and medial frontal agranular cortex and the dura closed 
tightly over them. Interrupted silk closure was routine. Bilateral procedures were 
carried out in two stages, separated by a 7- to S-month interval, 


BEHAVIORAL METHODS 


Experimental subjects were observed in their living cage at least twice a day tor 
15 minutes and ina Jarge enclosure once a day. They were observed in a relatively free 
situation; am addition, them reaction to threat and to feeding were noted. Their 
manipulations of food, of sticks, of the cage and enclosure walls during climbing, and 
their locomotion were recorded. Neurological examinations were performed the 
animals while they were restrained in a neurological chair. At least two observers 
compared their findings im most instances. 

Quantitative behavioral measures, made ina modified Wisconsin general testing 
apparatus designed for primates,’ included timing of the opening of a simple lateh 
box. This box, approximately 5 by & em. is closed by a shding metal lid) which os 
locked by a 2” nail inserted through the lid into the side of the box. To open the box 
(which contains a peanut during the test trials) the monkey has to grasp the nail, 
pull itout, push the lid back, and take the peanut from the box. These maneuvers have 
to be performed in the order stated to accomplish the trial, The mean of the time taken 
in SO consecutive trials was used as an index of performance. Thirty trials per day 
were given until stable performance was reached) preoperatively ; postoperatively, 30 
trials per day were given for five days following surgery and then tive days cach 
month, Motion pictures were taken both pre- and postoperatively in this situation, and 
these were studied when shown at regular and slow motion speed. 

\nother quantitative behavior measure recorded performance on the classical delayed 
reaction task. Tn this situation fieo cups appear before the monkey. [nto one of these 


Cohtch one is determined by a random sequence) a peanut is dropped in tull view ot 


the animal Phen an opaque sereen is lowered, hiding the cups from view tor 10 


seconds. When the screen is again raised, the animal has to choose between two identi 
cal appearing, closed cups. Correct chore depends on the monkey's remembering 
which ot the two cups had been baited seconds betore, The subjects were trained 
beginning two weeks postoperatively until they reached a performance level of 900 per 


on a hundred consecutive trials. The number of trials required to reach this 
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criterion was compared with the mean of the number of trials taken by 35 unoperated 


monkeys tested in the same manner, i 

Visual discrimination was also tested. This task utilized the same boxes as. those 
used in the delayed reaction, butoin this instance the boxes were closed by covers on 
one of which a black plus sign was pamted. on the other, a black square. The peanut 
was invariably concealed inthe box marked “plus” but the position ot the “plus” wis 
varied trom box to box in random: sequence. Thus, the task for the monkey was te 
choose the box marked plus; the numbers of trials taken by the operated animals to 
accomplished this in 9O out of LOO consecutive trials was compared with the mean score 


taken to reach the same criterion by 44 unoperated control subjects 


ANATOMICAL METHODS 


Following the completion ot the neurological and behavioral examinations, all the 
animals were sacrificed, the brains pertused with saline and formalin, dehydrated an 
alcohols, and imbedded in celloidin, In animals 2400 and 2345 the operated region was 
exposed under ether anesthesia and excitable pomts were identified and mapped im 
cortex and exposed white matter, Serial sections at 25 micra. were made, every tenth 
section saved and every other saved section stamed with thionin, From these seetiorns 
the extent of lesion was orthogonally reconstructed onto graph paper; reconstructions 
and representative cross-sections demonstrating depth ot resection are presented im 
Figure 1. Retrograde thalamic degeneration was plotted and oa also shown an this 
figure. 


RESULTS 
EXPERIMENT 1. UNILATERAL LESIONS 

Five monkeys were tested preoperatively, operated upon, and retested, 
Two of these animals (2428 and 2427) received extensive unilateral resec 
tions of the dorsolateral, frontal, ayranular cortes one anmmial (2376), 
the unilateral resection was restricted to the posterior, im another animal 
(2434), to the anterior portion of the frontal ayranular cortex. A fifth am 
mal (2418) received a resection of the greater portion of the frontal ayranu 
lar cortex, including that of the anterior cmyulate pyrus, 

A preliminary report of the results of the neurological examinations 
has been presented elsewhere. Observations of the movements of the ani 
mals in the home cage and the large enclosure under “free” conditions and 
in feeding and threatening conditions are summarized; pertormanee in the 
formal testing situation is deseribed in detail below, 


Subtotal resection of the frontal agranular cortex (2376 & 2434) 

In the free situation, a paucity of spontaneous and associated movements 
of the extremities contralateral to the lesion was noted for two weeks to one 
month postoperatively. Anterior lesions affected especially the movements 


of the proximal musculature: movements about the shoulder and lip were 
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awkward when they were present at all, Posterior lesions, on the other 
hand, affected movements of the distal musculature: especially flexion of 
the digits in climbing was impaired. When in a threatening or feeding situ- 
ation, the affected movements would be present imtially but faded as the 
situation continued. However, these effects were not detected beyond the 
first postoperative month, 

In the latch box test situation these animals showed a decrement in 
performance only during the first postoperative week. Whereas their per 
formance with the hand ipsilateral to the lesion continued at the preopera 
tive rate of under 2 sec. to accomplish a trial, performance with the hand 
contralateral to the lesion took between six and seven seconds during this 
period. The performance difficulty differed for the two subjects, however. 
The animal with the posterior resection was clumsy in manipulating the 
nail and the box cover: the ammal with the anterior resection showed 
clumsiness in bringing the arm to the latch box and occasionally in “letting 
vo" the nail or box cover preparatory to making the nest movement im the 
sequence, After the first) postoperative week, these difficulties were no 
longer observed and performance time became equal for both extremities, 


Ivtensive resection of the frontal agranular cortex (2428 and 2427 ) 

ln the free situation a hemiparesis of the limbs contralateral to the lesion 
Was consistently noted during the first postoperative month —e., the ani 
mals rarely used the affected extremities; when movements did occur, they 
were gross, clumsy, and of short duration. During the second postoperative 
month the affected extremities were moved in assocation with climbing and 
running movements of the other side; however, when only one extremity 
was required for the performance of an act, the extremity ipsilateral to the 
lesion was consistently employed, This) preference persisted for three 
months after which it receded gradually and disappeared, first im the threat. 
ening and feeding situations. In these situations the affected extremuties 
were used after the second postoperative week to accomplish prehension of, 
or escape trom, the stimulus object, 

In performing the lateh box task no effect of the resection was observed 
when the animnal used the arm ipsilateral to the lesion. However, when only 
the arm contralateral to the lesion was available tor the task performance, 
no trial was accomplished within six months following surgery, Only ocea- 
sionally would the subject make an attempt to dislodge the nad and open 
the box: on each oecasion the movements were executed ina yross man- 
ner precluding accomplishment of the trial bor the most part, the ani 
mial just sat quietly or beyan to play im the testing cage rather than 


Manipulate the Jateh. As soon as the arm ipsilateral to the resection was 
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released from restraint, however, testing with this extremity proceeded 
at speeds indistinguishable from) those obtained preoperatively. the 
seventh to ninth postoperative month, clumsy attempts were made by the 
animals to open the latch with the affected extremities. Performance 
scores of 16 to 30> see. were recorded, but difficulty in maintaming the 
animal's attempts to perform a series of trials with the affected hand 
attended cach session. Consistent performance with this extremity was 
thus never re-established in these animals. The grave deticit: shown by all 
animals made it difficult to evaluate any difference between them (differ- 
ences which nught be attributed to the additional reseetion of the 
cingulate cortex in one of them). 


Aluminum hydroxide cream inplantations of the precentral agranular 
cortex 

During the fifth postoperative week, this animal (2398) began to have 
Jacksoman convulsions in the right: side of the face, contralateral the 
lesion and spreading quickly to mvolve the entire mght side. Occasionally 
the seizures would become generalized, Seizures occurred most frequently 
during the third and fourth postoperative months; at this time, from four to 
a dozen seizures per day were noted. The feeding and threatenmy situations 
almost invariably induced convulsions, As reported for other “irritative” 
frontal lesions.” the monkey soon became “conditioned” so that when a 
stick was shown him, the seizure activity would be initiated, Beginning im 
the fifth postoperative month these generalized seizures became less fre 
quent; instead, an almost continual 3-4 per second rhythnue activity of the 
right arm and hand was present whether or not the arm was engaged im 
some activity. This “tremor” persisted but became less noticeable toward 
the end of the first postoperative vear, 

As indicated in ‘Table 1 the scores of performance of the lateh box task 


reflect the appearance of the “tremor” but do not correlate with the onset of 


Jacksonian convulsions. Time seores taken for the affected extremity are 


markedly increased after the filth postoperative month and continue te 
reflect the awkwardness of performance for the remamder of the time the 


animal was tested 


ppers Results ot the twoostage bilateral procedure Numbers indicate the 
mean ol time scores of TS0 consecutive trials. Dash indicates that no score was ob 
tamed, usually because the subject tamed to manipulate the Lateh box 

lower: Results of the irritative scarring procedure. “Time scores indicated as in 
upper portion of table 
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Ilectroencephalographic abnormalities (marked slowing and spike activ: 
itv) began to appear in the left central sealp leads during the second 
postoperative month and persisted thereafter, with gradual decline, for the 
entire postoperative year. The appearance of the electrical abnormality cor- 


related with the appearance of convulsive episodes, not with change in test 
performance, 


EXPERIMENT 2. BILATERAL LESIONS 


Seven monkeys served as subjects for this experiment. Four of these 
(2427, 2428, 2434, 2367) had been used in Experiment 1. Since consistent 
latch box performance with the affected extremity had not been re-estab- 
lished by monkeys 2427 and 2428, they were used following the second 
suryical procedure only to study performance of the delayed reaction and 
visual discrimination tasks. Two other subjects (2400 and 2345), with 
somewhat more superficial but equally extensive resections of the precentral 
ayranular cortex, were tramed in the Jateh box situation beginning six 
months after the initial unilateral procedure, When consistent: performance 
of this task was established with both extremities, the second surgical pro- 
cedure was undertaken. similar program of testing was pursued with 
another monkey (2367) with an ablation of the cingulate cortex in addition 
to an anterior precentral lesion, In this animal the cortex: surrounding the 
central fissure was spared in order to assure the possibility of some per- 
formance in the test situation. Subject 2376 with a posterior and subject 
2434 with an anterior lesion were used to compare the effects of bilateral 
subtotal resections. Before the second surgical procedure was undertaken, 
these animals had re-established consistent latch box performance following 
the unilateral procedure as described in fexperiment 1. 

Protocols of the neurological examinations of these animals will be 
presented elsewhere, Observations of the movements of the animals in the 
home cage and the large enclosure under “free” conditions and in feeding 
and threatening conditions are summarized; performance im formal testing 
situations is deseribed below. 


Subtotal resections of the frontal agranular cortex (2376, 2434, 2367 ) 

In the free situation a paucity of movement was observed in the extrem 
ities contralateral to the second lesion for one, or at the most two, weeks 
When these extremities were used, paresis was noted; e.g., the animal did 
not suspend itsel! from: the cage wall for as long a period with the affected 
extremity, After the tirst week or two no difference between the two sides 
could be distinguished, However, the annals continued to tire easily when 
running Cin the threatenmy situation) for about six months atter the second 
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operation; no difference between the two sides could be seen. Nor was a 
difference between the etfeets of anterior and posterior subtotal resection as 
marked as that observed atter unilateral ablation. Nevertheless, posterior 
resection affected primarily the movements of the hands and feet as im 
climbing anterior resection atfected primarily running and hanging trom 
cage walls and ceiling. 

Records obtained in the lateh box situation appear im Figure 62376, 
2434, 2367). Note that only during the first postoperative week was per 
formance with the hand contralateral to the second operation detective, 
leven during this period, the problem was solved within twice the time 
taken preoperatively, Note also that the posterior subtotal resection ane 
only this one atfected performance of the tpstlateral hand as well as that of 
the contralateral hand. Such exacerbation of a detect which had subsided 
during the months following the first resection is still more noticeable with 
extensive resections as will be seen below. Allan all, there is remarkably 
little effect of these Jesions on performance of the lateh box task. and this 


finding is not altered when the cmpulate cortex is added to the resection, 


Fovtensive resections of the precentral agranular corter (2400, 2345, 2427, 
2428 ) 

Both with regard to general observations and test behavior, the effets of 
extensive precentral resections were more drastic and more Tasting. Tn the 
free situation, the with these resections tell frequently to the side 
contralateral to the second operation. bor a month to sis weeks they used 
the extremities contralateral to the lesion sparingly. Pastead of rummimg im 
the threatenmy situation, they would “lope” somewhat awhwardly. They 
were never observed to jump wall to wall following the second: surgi 
cal procedure, Nevertheless, in both the feeding and threatenmy situations, 
movements were executed in appropriate sequences to accomplish getting 
food into the mouth or in fending off a stick. These movements were carried 
out slowly, however, and the antals tired easily, they could also be caught 
easily even sis months after the second operation 

Pertormance of the dateh box task with the hand contralateral to the 
leston could not be obtamed atoall tor a one subject, lor over sis 
weeks in another. Scores obtamed with the hand ipsilateral to the reseetion 
also suffered markedly, as can be seen trom Table bo Pertormance did net 
return to preoperative levels during the five months of testing but stabilized 


for one animal during the second month and for the other anmial during the 


hith postoperative month at shghth: longer values than the preoperative 


Performance was thus but not abolished consisted in 
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awkwardness of movement resultmy in longer time scores, The sequence ot 
acts Was unimpaired, 

The monkeys with extensive bilateral precentral resections performed the 
delayed reaction and visual discrimination as well as did the unoperated 
controls, “Thirty-five unoperated monkeys tested in the delayed reaction 
procedure as outhned took a mean of 380 trials to reach criterion, ‘The 
operated subjects of the present experiments took 210 and 270 trials to 
reach criterion. Forty-four nnoperated monkeys tested in the visual pattern 
discrimination procedure as outhned took a mean of 375 trials to reach 
criterion. The operated subjects of the present experiment took 130 and 310 
mals to reach criterion. Clearly, there is no deficit in learning of the delaved 
reaction or of the visual pattern discrimination following extensive resection 


of the precentral agranular cortex, 


DISCUSSION 


Hts clear tous from our experiments that extreme views of the role of 
the precentral gyrus cannot be mamtamed. Neither the idea that) the 
“motor” cortex is “more concerned with the mamtenance of excitability and 
the regulation of postural reflexes than with the excitation and control ot 
finely inteprated adaptive movements, nor the conception that this cortes 
serves as the sole or even “principal cerebral efferent or effector mechanism 
by which the brain expresses its activity,” accounts satisfactorily for our 
observations. Nevertheless, both statements, especially when taken in the 


context of the discussions from which they were excerpted, have consider 


able usefulness in pomting out) problems that must be fieed any 


evaluation of the effects of precentral lesions on behavior, 

Observations of the movements (such as mampulating food) of the 
monkeys with extensive precentral resections im the free and the more 
Structured situations cannot all be classified as impairments of postural 
mechanism. The increased time scores made by these animals mi the lateh 
box problem, confirming Lashley’s own earher results, make such an iter 
pretation inadequate, Furthermore, according to Lashley’s view “iapulses 
descending from the precentral gyrus do not imitiate the finer adaptive 
movements through the lower motor neurons, but only ‘prime’ these cells so 
that they may be excited by impulses trom: other sources” 
Lloyd's work on the pyramidal system of cats” does indicate an imdirect 
pyramidal mitfuence on the motoneurons of the ventral horn, the recent 
work of Bernhard and his co workers shows that impulses trom the moter 
cortex do indeed directly impinge upon and exeite motoneurons tli 


monkey Lashley’s conception was originally derived from experiments on 
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rodents, animals which show litthe motor detect with cortical ablation. Per 
haps assigning the motor cortex a predominant role of retlex regulation of 
postural mechanisms i more easily envisaged am the more primitive 
miamiials, but this view as unlikely to apply to primates 

On the other hand, the evidence that primates with extensive precentral 
resections Jearn and perform delaved reaction and visual 


tasks without impairment suggests the necessity for a reviston of the eon 


ception that the precentral pyranudal system need be the principal cerebral 


efferent mechanism or even the between cerebral mechanisms 
involved problem-solving behavior and the effectors. Phe 
pyramidal tract fibers i regions other than the precentral cortes, 
the evidence of etferents trom: the optic cortes: and from: the supratemporal 
auditory cortes, the efferents from formation (the fornix yas 
well as the efferents frome the anterior frontal (Arnold's bundle) and the 
temporal cortex (Turek s tract), must be assigned equal inportance to 
precentral efferents when selective etfeets on behavier follow the disruption 
of each of these systems.’ Nonetheless, one cannot dodge the issue that the 
selective effects resulting frome the resection of the preeentral pyrus ts 
particularly devastating to an organisnys effector mechanisms. Thus, exten 
sive precentral lestons can be seen to iitertere with performance ot almest 
any task given to the primate provided the appropriate measure ey. time 
required for the miampulation as made. Phowever, ai an analysis of the 
of our measurements and observations, we take account 
the things undisturbed as well as those disturbed. When this is done, it 
becomes obvious that those actions mvelving discrete movements or “skills” 
are the ones most susceptible to disruption by preeentral lesions. Plowever, 
the disruption is linnted to the effectors controlled by the portion of pre- 
central cortex mnvelved im the lesion ono general “forgettmg” of the prob 
Jem solution ensues. Thus, skills are interfered with by precentral lesions, 
not lost through excision of the locus of the “habit.” These results are 
analogous to those following restricted reseetions of the optie cortex. of the 
ocerpital lobe. Whereas the latter produces seotomata i the visual treld, 
lesions of the precentral cortex may be said to produce scotomata ot action 
In vision, ne decrement in the retention of learned discriminations follows 
subtotal ocerpital reseetions motor activity, ne decrement im the reten 
tion of problems solution can be determined following precentfal resection 
But what of the idea that “will” as well as skill is) affeeted Iw the 
precentral lesions spermental resections restricted to the precentral col 
tex of man suggest that such lesions do interfere with what is com 
monly called “voluntary” activity taet, the svndrome differs litle 


from that deseribed here for the monkey. Ptas likely that the more severe 
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disturbance found an man which as characterized as a “loss of voluntary 
movement” is due to deep frontal lesions mvelving the mternal capsule. 
Such Jesions disturb not only precentral a variety of other cerebral 
mechanisms. 

Kegarding the effects of different: precentral lesions, some reconciliation 


of divergent views may also be suggested. Woolsey's” precise maps of the 


responses obtamed from electrical stunulation of the preeentral cortex show 


that the posterior portions of this area, im and adjacent to the central fis 
sure, are concerned with the control of appendicular musculature, while the 
anterior portions are more concerned with axial musculature, Our observa 
tions show that posterior lesions do, imdeed, affect. the precision of the 
anmnal’s hand movements m the lateh box more than do antertor lestons. 
The Jatter, on the other hand, affect: primarily the movements around the 
shoulder and hip miuseles. Former conceptualizations of the difference 
between the effects of anterior and postertor lesions im terms of “discrete” 
vs. “coordimated™” movements may thus be understood since movements 
carried out primarily with the distal portions of the extremities are more 
discrete than those involving primarily the larger axial muscle groups, ‘Phe 
other differences which are presumed to exist between anterior and 
posterior lesions have been discussed elsewhere.” However, coordination 1 
mvolved whether discrete or more massive movements are or are not 
concerned thus, the conceptualization in terms of somatotopy, which has 
been presented here, is preferred 

The extent of precentral cortex resected is important as shown by the 
relatively small and transient effect of subtotal lestons as compared with the 
yreater and more lasting effect of the extensive ablations. Plowever, re 
course toa simple notion of “mass action” as ruled out by the apparent Tack 
of inereased decrement im performance of the Tateh box problemi when 
anterior cingulate ablation is added, either to a subtotal or to a total pre- 
central resection. Within the precentral agranular isocortes, when 
lateral lesion is made bilateral, there is an effect on the extremity ipsilateral 
to the second Jesion so effective “mass” is distributed bilaterally within 
the cortex. Lesions of comparable extent in other cortical felds studied 
produce either no observable motor defects (frontal granular, temporal, 
striate, peristriate, and dimbie fields) or minimal transitory detects (post 
central and parietal fields). The recent: study of Semmes and Chow" in 
Which the effeets of lesions of all the cortes except the precentral agranular 
were found to be sinmlar to those of preeentral motor cortes ablation 
exceptin the duration of effect umiphes a lack of specificity im the tunetion 
of different cortical areas inametor behavior, Although other regions of the 


cortes. can be impheated inomotor behavier, this may also be ot total 
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de-atferentation of a limb. By applying a diversity of appropriate measures, 
the specificity of any such detiertt may be elucidated. Sueh techniques used 
by Fulton and his co-workers’ in analyzing motor function have led to the 
demonstration of defeets posture, the various forms of tactile and 
proprioceptive placing. hopping, reststance to passive manipulation, 
palpable muscle tone, the degree and form of tendon reflexes, mitluence ot 
body and head postion, the alterations in stimulation conditions required to 
chet grasping, and other detained neurological tests related to motor fune 
tion Which in our experience clearly differentiate the motor detect tollow mg 
frontal ayranular lesions frome that seen with any other cortieal lesion 

There have been suggestions: thetathe effeets of lesions are due solely te 
Irritative sears at ther borders. Comparison of aluminum: hydroxide eream 
Jestons with those of ablations im the present experiments suggests that the 
two types have different effects that both these etteets might be concemved 
asa disequihbrium of tunetion, bat that a distinetion can be made. 
tions impair performance, particular situation, the repertory of 
action available to an animal with precentral resection is more limited than 
the repertory available to an intact animal Phowever, within that repertory, 
a fairly stable, albert linuted, performance of tasks results. The animal with 
aluminium hydroxide cream implantation, on the other hand, shows 
ment inadarger speetrum: of behavior by the pervasiveness of the repetitive 
muscular contractions whieh persist whether he is active or maetive, 
Whether he as performing a task requiring shall or one where only grosser 
movements are concerned. Thus, the animals Imitation i a particular task 
may or may not be as severe as that of the subyeets with resection, and often 
Huetuates to a considerable extent for reasons that have mot as vet been 
determined. 

In conclusion: we teel that certam tentative answers can be given to thie 
questions Which mutated these expernnents and were posed in the mitrodie 
tion, dextent of ablation is an important consideration im evaluating: the 
effect of a precentral lesion. of unilateral ablations are enhaneed 
when the lesion as made Dilateral betfeets of ablation cannot be attributed to 
“irritative’ scarry at the border of such destons sinee the etfeet of 
lesions per se can be distinguished frome those of ablation 

Precentral lesions mitertere Cs pec rally with skilled acts: the aets are not 


lost, however, through excision of the locus of a “habit: rather, a scotomia 


ofacthon may be said to result. Thus. the extreme conception that the pre- 


central cortes is the principal efferent system by which the brain expresses 
activity is modified in favor of the conception that the preeentral cortex 
modulates a variety of refles mechanisms baste to action. The numerous 


anatonmeal studies on the afferent and efferent relations of the 
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“sensory” and “motor” areas of the monkey cerebral cortex have recently 
heen supported by electrophysiological demonstrations of efferent, and 
afferents to both of these regions. The “unity” of the “sensorimotor” cor- 
tex is further emphasized by the remarkable constaney of proximity of 
somatic “sensory” and: “motor” fields and the absence of intercalated 
“association areas in all mammals. Although itis recognized that the pre 
ponderance of afferent and efferent tbers differ in the precentral and post 
central regions, we beheve that ther close anatomical relationship should be 
emphasized rather than any conceptualization based on analogy with the 


dorsal and ventral roots of the spinal cord. 


in both monkey and man meieate that resections to 


the precentral cortex do not interfere with behavior of the type usually 


deseribed as “walled” Rather, we think it possible that deeplesions involy- 
Ing the mternal capsule are responsible for such grosser changes in belay cor 
by interrupting a variety of cerebral mechanisms. the clinically 
derived conception that the precentral motor cortex serves “skilled action” 
Is corroborated; itis clear, however, that this cortes is not the locus of a 
“habit” or of a mechanism basic to any performance of the shill, bat rather 
that preeentral lesions result in a scotoma of action which imterferes with 
‘the shall, On the other hand, the climeally derived conception that the pre 
central cortex ts in “willed action” is considerably moditied deep, 
lesions invelving not only precentral, but also additonal, cerebral mechan 
Isms are thought to be responsible for the yrosser detects mn behavior which 
Jed to this conception 


SUMMEARY 


\Dlation of the preeentral agranular cortex was found te intertere 
especially wath Skilled acts as measured by time scores in pertormiung a lateh 
hos Lestons restricted to the posterior portion of thes cortex cated a 
greater detect in digital dexterity than anterior lestons which more 
affected the more proximal musculature. “Potal ablation caused the most 
marked deteets. Visual discrimination and delayed) response pertormane: 
were by precentral ablations. Bilateral ablations exacerbated the 
effects of unilateral ablation and caused a renewed defect on the side ipl 
lateral te the second operation. Phe effects of ablation cannot be attributed 
to “irritative’ scarry at the border of such lesions since the effects of 
lesions per se can be readily distinguished trom: those ot abla 
tion. concluded that the motor defect im precentral ablations not die 
to acts Jost through excision of the locus of a but rather that 


scotomia of actlon result, 
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* Department of the History of Medicine 
ERNEST SACHS dale School of Medicine 


THE MOST IMPORTANT STEPS IN THE DEVELOPMENT 
OF NEUROLOGICAL SURGERY: 


It has been my yood fortune to have followed the growth of neurological 
surgery from its meeption, even before the term: “neurological surgery” had 
come dito tse. For that reason, regret a tendency among many men today 
to forget our predecessors and to withhold credit: where credit is due the 
pioneers for the arduous task of inmtiating the work that has grown ato a 
yreat specialty. Most men, certamly in America, beleve that neurologiea! 
surgery started in this country, which is not the case. Although it received 
Its great mpetus from the work of Cushing at Johns Hopkins. and 
subsequently at Harvard, the pioneer in this field was Victor Horsley ot 
London who did his work at the National Hospital in Queen's Square and 
at University College, 

As far back as the cighteen nineties, Horsley earned on fundamental 
research on the brain centers. Tle was the first to localize centers im the 


brain in his study by electrical stimulation of the cortex of a orang -utany 
and, promptly applying these studies to localization mm the human bram, he 
was able to localize brain tumors. Ple was the first to remove a spinal tumor 


successfully and in his epochoamaking paper on the subject with Gowers’ 
laid down the principles of spinal localization, to which little has been added 
to this day. He was the first to advocate cutting the posterior root ot the 
Sth nerve for the cure of trigeminal neuralgia, as well as the first to under- 
take an operation on a pituitary tumor. Also, it was Victor Horsley who 
eradicated rabies from the British Esles by insisting that every dog brought 
mite these countries should be quarantined for six months; that Tew is still 
in foree today. All these things he did in spite of techmical methods we con 
sider very crude nowadays and without the many aids we have come te 
beheve indispensable. When asked why he undertook procedures never 
heard of before, his reply was characteristic of all proneers: “How are the 
people who come after us porn to know how to do these things if some 
body begin?” Tt was with this great master that Thad the good 
fortune to have received my traimimy. 


* Lecturer im Surgery and Medical History, 


t An address to be given an St) bouts, Missours, 
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When T returned from England in 1908, only two men were domg neure 
logieal surgery in America, Harvey Cushing’ Hopkins and Charles 
Frazier’ in Philadelphia. At this time it owas such a discouraging field that 
few men cared to go inte it. Because of the unsatisfactory results, it was 
very difficult to find assistants or even to interest men in the future posst- 
Inhties of the work. This was understandable when the popular saving was, 
“Most brain cases die.” 


That was forty-seven vears ago. and the vast change which has come 
about since then is evident when we consider the great number of men in 
the field today. Tn the Uinted States alone there are over 500) qualitied 
neurological surgeons, and a smilar growth os taking plice all over the 
world. The question, therefore, arises, “What were the iuportant: faetors 


that have brought about this great change 2” 


Phe tirst was the realization that a new techmique must be developed: and 


the meticulous methods that are routine im every neurosurgical chime todas 
came into bemg. While many contributed to this, think everyone wall 
agree that the one man more responsible tor this development than anyone 
else was Harvey Cushing. Thanks to his techmique. many of the early ditt 
culties and compheations are no longer encountered. Prior te the adoption 
of the Cushing techmiaue. in cases of mereased pressure due to trauma or 
tumor, the brain would often hermate through a wound and torn. that 
ghastly compheation oa cerebral fungus. This has become a thing of the 
past. and today many voung neurosurgeons hardly know the termi or have 
seen the condition, 

In those early days, the handling ot cerebrospinal third was not under 
stood, and To can reeall vividly a meeting at Dr. Prazier’s cline when one 
entire session was devoted to the advisability of removing cerebrospinal 
Hid by puneturmy the ventricles im the course of a cramal operation 
Voday this procedure is a routine measure, and we have learned how at mas 
transform difficult, sometimes desperate, situation inte one readily 
Inanaged, 

The next important step was the realization that the surgeon mist be a 
trained neurologist, able to study and evaluate the chimeal preture himself 
Whereas formerly he had been dependent on the neurologist for his diag- 
nosts, this could not continue if real progress was to be made. Vhis inde 
pendence on the part of the surgeon has not been universally aceepted, how 
ever, and there are still centers where the neurologist rules. Strange to sav, 
this is the case in the very institution where neurological surgery had its 
Inrth othe National Hospital London where Vietor Horsley did) lis 
epoch making work, 
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But progress continued to be slow until TOT, when the discovery was 
made which completely revolutionized the field. The introduction of ven- 
tnculography by Walter Dandy” changed the entire picture, Few ot you 


recall the era before TOTS when day after day, in spite of the most careful 
neurological examunation, we had to acknowledge that the patient) was 
operated upon for a tumor which proved not to exist. Those vears were so 
discouraging that TP wonder now how we lived through them, surviving the 
daily ordeal and persevering. 

Let me illustrate the great change that resulted from) this discovery. 
About 1920 published with my date colleague, Dr. Sidney Schwab of 
St. Louts, and read before the Amenean Neurological Association our 
diagnostic results over a period of eight years. Rather proudly we reported 
that an accurate, localizing diagnosis had been made in 55 per cent of cases. 
With the free use of air mijection, however, conditions changed completely, 
Though not immediately adopted, it was not very long before climes all 
over the world reported localization in over 95S per cent of cases, 

Pobserve with much regret that there is a growing tendency not to make 
use of air injection as freely as aim the past, and that the risks, to which 
Dandy and others drew attention, are often disregarded. One of the most 
of these is allowing too long an iterval to elapse between the air 
injection and the cramotomy. Phe operation should follow the air mijeection 
as SOOT as possible. 

But even after we had this valuable addition to our armamentarium, the 
problem of bleeding caused our greatest difficulties. The need, however, lias 
a way of bringing the solution. The development of transtuston and. the 
introduction of citrated blood by Lewisohn’ proved to be a great advance 
over the cumbersome, direct: transfusion methods devised by Crile’ But 
transfusion methods inthe early days were very different from: those an tse 
today. “Then, we had to collect blood waxed eviinders the so called 
Kimpton tubes cand inject it directly inte a vem. Rarely were we able to 
vive a patient more than 300 ce, for the day of blood banks had not vet 
dawned, can reeall vividly, after these many vears, patients with benign 
menmpiomas who would be alive today i we had been able to give repeated 
transfustotrs as is Customary NOW, 

The control of hemorrhage has always been a fundamental problem, and 
even after blood had been made available further methods had to be devised 
to control hemorrhage. “The very useful silver clips devised by Cushing’ 
have now been almost entirely replaced by the itroduction, also by 
Cushing, of clectrocoagulation. “This has made it possible to make 
mito the bram and excise large areas with impunity. After the mitroduetion 


of air injection we were able to diagnose deep seated lesions, vet otten dared 
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not attack them, fearing we could not expose them Plectrocoagula- 
tion completely changed this, 

The next important step forward was the discovery by Cohn and his 
associates at) Harvard of the blood derivatives, and the development of 
Gelfoam for the control of bleeding. 

These techimeal problems having been mastered, further progress was 
made possible, and the last fitteen vears have brought developments along 
various tines. The discovery of angiography by Momz > has thrown new 
hight on a number of conditions hitherto not understood. Et has explamed 
the common cause of subarachnoid hemorrhage and has led to the successtul 
recognition and treatment of many cases of aneurysms which prior te this 
tine were often not even diagnosed. Today, aneurysms are tar more com 
mon than tumors used te be. and aim some climes more operations are 
performed for aneurysms than for timers 

Angiography has also made at possible to recognize varios types of 
vascular lesions that formerly could not be diagnosed during dite. Wath the 
combination of ventriculography and angiography. hats now become 
possible not only to locate a lesion accurately, but. many cases, to predict 
the type of pathology which will be encountered. “This knowledge enables 
the surgeon to make a more successtul approach he decides to operate, or 
warn him not to attempt any surgery. Striking examples of this are 
cases of thrombosis of the internal carotid artery, many of whieh were 
formerly explored im the belief that the patient had a tamer, 

Methods for dealing with the problenmis of focal and general mitections ot 
the nervous system made hitthe headway until the discovery of antibroties 
But here agai we must net forget the pioneers! The brilliant results 
obtamed without antibioties am eases of abseess by that imiaster, 
Witham Macewen.” and occasionally by others, should net be torgetten, 
But. by and large, these mifections were a disheartenmp group 

No consideration of progress in the treatment of bram: abscess, however, 
wetld be complete without reference to the important work ot Clovis 
Vincent. He advocated decompresston over the site ot the abscess. thus 


giving time for the lesion to become encapsulated, and then oa 


method in very general use today. The untimely death of Vineent deprived 


neurostrgery of an original thinker whe had much to contribute 

The scope of neurological surgery has been greathy extended by a number 
of other developments, the most important of which has been the use of 
electroencephalography "This has been a great aid in localizing lestons and 
has the great advantage that ativelves ne surgieal procedure, but it is net 
aosubstitute for either ventoeulography or angiography, both of which 


continue to have a most important place in cerebral localization bdectre 
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encephalography has been of particular use in locating a focus mot due te 
anexpanding lesion and has made at possible to ditterentiate the epilepsies 
and identify those that may be helped by surgery, 


Most recently there have been séveral other developments, some still im 


the expermental stage, which promise new information and entirely new 


approaches to problems of both diagnosis and treatment. The first is the 
use of mnplanted electrodes for the study of deep-seated areas of the braim 
and the treatment of mental disorders. A number of chiaies are carrying on 
this work but the most promising, | believe, as that bemg done by Delyade 
at Yale. He has devised an apparatus by which he is able to stimulate a 
number of areas of the bram wath one electrode. This method is throwing 
new hyht on the funetions of deepseated areas which hitherto have beer 
unknown, 

An entirely different: series of investigations is bemy carried on with 
radiometopes, They are bemp used both for localization of brain tumors and 
me the treatment of mahynant tumors. This method of approach is so new 
that itis impossible to draw any conclusions about its ultimate value, but at 
gives great promise and is followed with the keenest imterest, 

Another approach to the of mahynaney is that first tried by 
Olivecrona’ of Stockholm the complete removal of the hypophysts. The 
carly reports of its effectiveness are most interesting, and here hes another 
new field for the neurological surgeon. [tis important to remember, how 
ever, that complete removal of the hypophysis is a much more tornudable 
procedure than the usual piturtary operation. 

I have thus far spoken exclusively of the cerebral phases of neurological 
surgery. Advances in spinal surgery have not been so significant since 
Victor Horsley” removed the first spinal tumor in But in one phase 
of spinal surgery the care of the paraplegic patient extraordinary ad- 
vanees have been made im recent years. Since the man who, my opinion, 
has done more to advance the surgical treatment of this condition than any 
one else was formerly one of my assistants, | take great pleasure and price 
him, Dr Nrnold Meirowsky, now of Nashville. In his worl 
Ohimawa, and especially in Korea, he demonstrated how paraplegic 
patients could be cared tor and how the great bugbear, bed sores, could he 
prevented by appropriate surgery and careful nursing. The record that he 
and tits assistants made in NKorea should be an example for every e:vihan 
hospital and nursing school to emulate. They proved that the clam alas 
too prevalent! in our nursing schools today that bed sores are 
mevitable im certain eases is absolutely wrong. 

Vhe other great advanee im spinal surgery has been the recogmition and 
treatment of ruptured intervertebral the lumbar dises were 
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recognized more recently, cervical dises are being recognized and treated 
with equal success. \ word of caution i needed here, however, for not all 
patients with ruptured dises require operation, and itis to be hoped that the 
excessive enthusiasm for operating upon such cases wall subside. 

Noturther great the development of the specialty of anesthesiology, 
The various methods that have been devised have certaimly helped greatly 
inthe handling of dithenlt cases. Yet, while they have taken a great load ott 
the shoulders of the surgeon, Estill am tashioned enough to beheve that 
Woanvthing goes wrong with the anesthetic, the surgeon is responsible. | 
realize that this port of view as resented Dy some anesthetists | 

Stull another very recent technique that is proving of great value as 
By lowermy the temperature of patients to levels formerly 
considered dangerous, iis new possible to operate sately on lestons, par 
neularly tumors, that could not be dealt with otherwise. This method is stl 
Its dneipleney, but much may be accomplshed with when it os developed 
further, 

Inereased intracranial pressure still remiamis one of our 
problems, and the creation ot livpotension to overcome this presstre is a 
recent: and amiportant addition to intracranial procedures. There are twa 
ways of applying this. either by removing blood betore operation and then 
remyecting ity as first suggested by Gardner of Cleveland, or by drugs 
The drugs seem to be more generally used as they can be controlled more 
accurately, 

What a change has come over neurologieal surgery Low blood pressure, 
the Very thing we dreaded forty vears AYO of 
eramal operations which we had no adequate meats to correct is row 
by the surgeon as a tool and, what more, thas allows hin te Cases 
with which we were unable to cope 

When we consider the amazing advanees that have been made, step by 
step, for the fifty vears, ats dittle wonder that this tield, onee so dis- 
couraging, should have become so outstanding that at has attracted some of 
the best minds in surgery. The tuture looks very promising, ariel those ot 
Whe will be here twenty five vears from now may wonder how the 


pioneers accomplished what they did and be grateful that, in spite of the 


great odds agamist them, they looked to the future and never gave up 
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SOME THOUGHTS AND AFTERTHOUGHTS ON MEDICAL EDUCATION 


Several months ago the State University of New York conducted a 
on General ldueation which was designed as an opportunity 
for the exchange of ideas among representatives of the many constituent 
wits of the University. Tn response to a request to present a statement on 
general education m relation to medical education prepared a short paper 
Which, thought, contamed a representative aliquot of the educational tdeas 
of the majority of medical school teachers, The predominantly lay audience 
Was politely attentive and many medividuals assured me that they had found 


my remarks mteresting and mstructive. Since the responses of some of my 


medical colleagues were rather less than friendly, have elected te repre 


duce the paper as at was delivered at the Svinpostum, together with a briet 
postanertens report. These thoughts and atterthoughts te me to he 
particularly appropriate for aneluston in testimemal volume tor 


Fulton tor reasons which will become very 


bore ation AS Preearation for py ook 


During World War research workers devoted all of therm efforts 
to studkes on aviition physiology partly because some people beheved that 
objective eriterta for pilot selection could be set un oon the bitsts ot an amet 
Sanding of the nature ot the stress to whieh palot sub 
jyected. The comparative biochenists, the nutritionists, the endoerimalogists, 
and other special pleaders quickly maneuvered fragments of the problem 
Inte them respective areas of study with the result that certam: coordinators 
ofthe program began to he a httle miaystitied: \tter reading a sheat of pre 
liminary reports one ot them remarked wryly appears trom these data 
that the pilotof the future will be a thy rerdectonuzed turtle miamtamed on 
a cabbage and carrot diet.” 

The paragetis out schools and colleges are asked to send to professional 
colleges quantity. seem to be approximately as widely distributed im 
nature as are vegetarian thy rordectomized turtles. bor addition to mitelh 
gence and iat good Appearance, they mist have a deyree ot potse, a hint ot 
approaching maturity, good verbal meral 
and ethical standards, the capacity to work well with people. 
enterprise, rehianee, tolerance of the views of others, and sense ot 
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Kecetied tor publication 19, 19> 


. 
451 
= 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol, 28, Dec.-Feb, 1955/6 


humor. Beyond these rather nonspecific attributes, which are required of 
candidates of all types of professional education from: engineering to the 
munistry, the individual professional college may add a few requirements 
of its own, For example, some medical school teachers insist on a rudi- 
mentary knowledge of arithmetic, chemistry, and physics; others point to 
the need for instruction in biology; almost all demand of their students the 
ability to read reasonably rapidly with good comprehension, and some wast 
fully hope that they will be able to express their thoughts clearly and 
concisely 

After each of the professional schools has specified its prerequisites, all 
unite and demand in chorus: give us cultivated gentlemen who know some 
thing about the large ideas with which man has been struggling simee the 
beginning of history; about the historical development of ideas as well as ot 
civilizations; about the organization of society and the social and economic 
forces that shape it; about the literature of the different peoples of the earth, 
and about them visual arts and music; and, generally, about what) Sir 
Richard Livingston has called “the philosophy of the Pairst Rate.” 

submit that, if a first-year class umformly composed of students of this 
quality appeared at any medical school in the country, its members would 
be justified inasking for a tution rebate on the grounds that cach faculty 
member would doubtless fall somewhat short of combining the best qualities 
of and heart of Touts Pasteur, St. Francis, and Sir William Oster. 
we had such able and gifted students, they would probably become excellent 
doctors if they took their medical course ina correspondence school, and we 
would all be declared obsolete. 

You may be interested to learn that some medical school teachers are 
almost morbidly preoccupied with liberal education and the humanities at 
the present time. Perhaps this preoccupation is related to a sort of collective 
guilt feeling that has been engendered by the frequently heard assertion that 
doctors have gamed technical skills but have lost ther hearts im the process, 
Many recent advances im medicine have been grounded im the physical 
sciences, and the curnieula of medical schools have always stressed the 
material and palpable aspects of medical care. (Parenthetically, itis unfair 
to suggest that only the medical profession has been preoccupied with the 
material and the palpable. In stressing this phase of its development medi 
cine has been reflecting the mood of our whole society.) Furthermore, the 
rapid development of specialization has fragmented the patient inte various 
parts and orifices at the same time that the mereased mobility of our popu- 
Jation has markedly inhibited the development of the sort of warm. relation 
ship that often existed between a physician and a family thirty vears ayo. 

All of these complex: developments have resulted in an equally complex 
reaction. Possibly the recent re discovery of psychosomatic medicine was 
part of the reaction, The constant exhortations to modern medical students 
to try to “see the patient as a whole” are another part of it. The home care 
programs in some schools and some of the heroic re-designing of the medi 
cal curriculum in others can be traced to some of the developments | have 
outlined. “Phe attempt on the part of many medical schools consciously to 
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introduce their students to a social and environmental pomt of view 1s 
certainly causally related to the situation T have deseribed., 

It as difficult to assess the role whieh pubhe opinion has plaved in 
bringing about the profound change in the philosophy of medieal education 
that has occurred in the past twenty-five vears. Gradually, and almost 
mnperceptibly, the medical schools have abandoned the attempt to produce 
practising physicians in four vears. The mmense and rapid accumulation 
of medical knowledge in the past hall-century, together with the fear held 
by certain medical teachers that there is some danger of entrusting the 
health of our people to the hands of a certain number ot empty doctors whe 
have a facade of techmieal shill, has forced us to reconsider our amas. The 
evolution of more and more elaborate post-doctoral hospital tramung pro 
grams has been a part of this development. Now, we think of the four vear 
medical course as a sortoof liberal arts course im the medieal arts and 
screnices. Some of us are even optimistic enough to believe that the tour 
vear undergraduate course im medicme has been developing inte a varied 
and ever-changing view of human biology in the largest sense of the plirase 
This includes considerations of health and its conservation im additian to 
the care of the individual sick person. Tt ineludes contemplation ot those 
aspects of biology which man shares with other animals, and the ways im 
Which an understanding of the biology of other forms of lite helps one to 
understand human biology. En addition, it meludes studies relating to the 
peculiarly human aspects of human biology up to and meluding the 
phase between medicme and religion. The product of the undergraduate 
medical course has been deseribed variously as a “nom speeie or “undit- 
ferentiated” or “tothe potential” whe wall acquire most ot his pre 
fessional skills during the vears of hospital traming that tollow oraduation 

If we are indeed moving toward this broad view of the purpose of 
undergraduate medical education, one can see the relevance to the physieran 
of educational experiences at every step of the educational ladder. 1 wonder 
how many primary or secondary school teachers realize how eritieal a con 
tribution they make to the education of our professtonal people. Medical 
education, rather than an end toward which all previous education should 
he directed. is part of a purposeful collaborative effort ot long duration 
among teachers and students at every developmental stage of the latter, Phe 
purpose of this effort is to help a student. through the long voyage of self 
discovery, to became a generally educated person who as a Phas 
certamly cannot be accomplished by rigid adherence to doctrinaire ideas 
even doctrinaire ideas about general education, which seems to be a contra 
dhetion an terms. The generally edueated pliystemn has, above all an 
appreciation of the variety and complexity of human experience, and the 
humahty that derives trom: such appreeimtion. This, at seems to me, makes 
hina better and more effective physician than one whose traming has been 
more circumseribed, 

unreasonable to ask that every teacher's presentation be enthusi 
astically received by every student. students cannot be expected to be 
equally stirred by every subject or course to which they are exposed. tris 
reasonable to hope that all students, meluding presmedieal students, be 
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exposed toa variety of bodies of information, attitudes, points of view, and, 
perhaps most important, enthusiasms. Any of these which he accepts and 
appropriates will be relevant to his later experience. 

All sorts of strange and subtle things are happening to our itellectual 
climate. In the days of Bishop Wilberforce and Thomas Huxley, religion 
and science were thests and antithesis. Now nuclear physicists spend a lot 
of time pondering the problem of good and evil and, indeed, one of them 
was recently ordamed in the ministry, Certain astronomers report their 
findings with what can only be deseribed as pious awe and write treatises on 
the Timutations of screnee, Serence and art, formerly regarded as mutually 
exclusive provinces of human endeavour, are conung closer together, for 
there is high art im creative science. [tis, in faet, the aesthetic appeal of 
science and experiment that attracts certain people to the scientific lite. 
Thus, one cannot differentiate between science and the humanities, for 
science, in certain of its expressions, is one of the humanities. Finally, 
mecheme itself, which began when a primitive man expressed his concern 
forafellow human bemy im distress by trying to help him, is one of the most 
humane of the humanities. The fact that interpersonal relations are so very 
Wportant a part of the practice of medicine makes medicine more of a 
social science than a precisely quantitative one. This judgment can be made 
without belitthng the vast debt we owe to the physical scrences. [no sum 
mary, the traditional compartment walls of learnmy are crumbling and all 
areas of human knowledge and experience are becoming confluent. Nowhere 
Is this phenomenon seen more vividly than in the field of medicme. That 15 
why wean the medical schools would like our students to come to us with 
something amore than a knowledge of elementary biology, phystes, and 
chemistry, so that each may, in the happy phrase of the motto of this 
University, become all that he is capable of bemy, 


The respouse eheited by the paper turned out to be far more entertamiy 
and iistractive than the paper itself had been, Quickly it became apparent 
that an iinecent attempt to deseribe a pomt of view about medical eduea 
tion toa lay audience was, im fact, a kind of verbal Rorschach test mbkblot 
Which, in the minds of certam imdividuals, became a terrifying collection of 
speetres, hobyoblins, and Loch Ness monsters, 

One disturbed colleague composed a formal rebuttal to the paper. Tt was 
the work of an angry man who had been stung inte hterary action. his 
rebuttal he pomted out rather sharply that, after all, medical schools are 
places where future physicmns are taught to care for sick people, and that, 
When people are sick, they want doctors who understand their ilnesses, and 


they dont much care whether or not their doctors have read Shakespeare. 
Furthermore, my indignant eritic clearly equated the words general educa 


fron with dilettantisme and, by inference, the phrase specialisation ima 


narrow ficld with progress Cand, perhaps, even with profundity). | have a 
certian amount of for these attitudes and, speaking as a recent 
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patient, Tohave a vivid appreciation tor the urgent necessity of helping 
medical students to aequire techmeal and vocational skills. pleas tor 
breadth of traming, however, should not be construed as an attack on the 
and: manipulative aspects of medical practice, 

Other faculty members, who spend a good deal ot their time and energy 
defending their curriculum time agamist what they regard as the outrageous 
assaults of the Psvechobiologists, the and the Socole 
wists, were frankly disappointed because had, in them view, given 
and comfort to the Enemy by what had written. This sort of aceusa 
tron bewilders me, for that quantitative biology and the social 
scrences are mutually exclusive, and that one's allegrinee should be entirely 
tooone or the other, The patent absurdity of this proposition does not pre 
vent this contrived controversy trom: occupying much of the time of many 
medical school curriculum: committees. 

One of my friends asked mein horror whether seriously beheve that 
religion should be taught nonseetarian medical schools. orephed that 
cert medical schools have abandoned the pretense that religion does not 


exist by arranging discussions of the religion medicme iterphase tor the 


benefit of those students who elected to hear them. We sponsored such dis- 


cussions school as partofa Pirst: Year Orientation Course ane the 


students found them both and instructive. was generals 
beheved that the individual student felt especially rewarded as a result of 
hearing discussions of these matters by representatives of faiths other than 
the one with which he was most famular 

Finally. largely as a result of many hours spent on vartots medical schoo! 
committees, began to have some disturbing atterthoughts about own 
essay. Through a dint montage of recurrent themes cndlesst discussed 
qualittcations for admission, interview evaluation, examinations and grades, 
Opportunities for elective work, internship and career advice began te 
see that there are elements of serious misrepresentation im the advice we 
give preamedical students and ther advisers. Most of us advise under 
graduates to prepare tor medical school by taking as mineh work the 
humanities as they can get. Many medieal school faculty members whe 
serve on admissions committees reward the majors by heme 
Claborately disinterested in them achtevements the humanities, sinee these 
achievements are not generally conceded to have a high predictive value tor 
acadenne pertormance mi medical school Most admissions committees want 
to know how well the candidate pertormed in orgame chemistry. Sine 
these are the grim tacts of lite at the present time, are we bemp quite 
candid when we tell pre medical students that we want well rounded men 


Whe do lots of interesting extracurneulir things in college? Possibly we 
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should be telling them to become well rounded and extracurricular only 
after they have successfully demonstrated their competence in organic 
chemistry. 

Most of our medical schools are examination and ygrade-centered and 
many of them have rather rigid curricular structures. The acadenne 
pressures are so ligh that it ts often impossible for a student to continue 
an undergraduate mterest in medical school if itis not specifically related 
to the course of study. Furthermore, some of our ex-humanities majors tell 
us that they never quite recover from the shock of adjusting to the first 
year medical school curriculum. COP course, this is also true of some ex 
science majors). Ts at not trae that basic science mistruction in most medical 
schools qualitatively resembles science instruction im the colleges much 
more closely than ait does collegiate mstruction in philosophy, literature, or 
politcal scence, and that a serence major might be expected to enjoy a 
competitive advantage in the basic science years? The melancholy fact 1s 
that there is little opportunity for discovering the special skills, mterests, 
and aptitudes of madividual students im most of our medical schools. \Where 
such opportunities exist Cat Yale, for example) many students acquit them 
selves aduurably, One can only hope to see a gradual disappearance of the 
compulsive type of curriculum: planning which imprisons both student and 
faculty ino rigid and arbitrary relationships. 

Have these confessions come toa full circle? Do the afterthoughts neatly 
cancel out the thoughts, and are we, therefore, left with a commentary on at 
set of astheme clichés? Possibly. But it seems tome that the undergraduate 
colleges and the medical colleges can-do much to create an environment tor 
learning in which the study of medicine can be something more than the 
acquisition of readily negotiable information, for we are bemy subjected to 
formidable Cantregghead” pressures from many of our colleagues as well as 
from our students, 

Traditionally, medicme has been the main stream of our cultural 


heritage. We owe an enormous debt to men dike John Fulton, whe have 


demonstrated that the cultural traditions of medicine can be preserved and 


strengthened while the scientific basis of medicine is enlarged and enriched, 
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THE TERMINAL ARBORISATION OF THE CAT'S PYRAMIDAL TRACT 
DETERMINED BY A NEW TECHNIQUE‘ 


As neurophystologists move away from topies of gross organization toward 
aninterest in the finer details of cellular arrangement, it becomes necessary 
to describe the microscopic distribution of terminal tibers, Gross anatomnest 
methods such as that of Marehi degeneration provide imformation only 
about gross connectivity, eg. that a particular tract loses its myelin ina 
certain region and therefore probably terminates there. The beautitul Golgi 
technique tests the extremes of skill and patience of the anatomist. Tt 
particularly difficult to use where the endings of long axons are being 
examined since the cell body of the axon cannot be seen and the exact 
origin of an axon cannot be known, However, such workers as Ramon y 
Cajal, Lorente de No, and Sholl have proved the extreme usetulness of the 
Golgi method. The recent modifications of the Brelschowsky technique by 
Nauta and Glees have revived interest im the degeneration method of 
finding endings. The future of this method seems hopeful but there are 
marked difficulties in technique and interpretation, particularly because of 
different results obtamed by divers workers 

It is also possible to use the conductive properties of nervous tissue to 


Map connections, On the gross level of the Marchi method we have neure 


nography by strychnine and stimulation, the finding of evoked responses 


with minimum: lateney, ete. These tricks are useful tor rapid) plotting: of 
rough connectivity but alse produce ther own special problems, some ot 


Which are mentioned in another paper.” 
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Until recently we have had no electrical technique comparable to silver 
stains because it is difficult to decide what is relevant signal. The mterpreta- 
hon of slow potentials arising in regions of synapsis is most ambiguous 
indeed it forms the battleground of opposing theories of synaptic trans 
mussion. How such potentials are related to their generators within: the 


signal cord is discussed in another paper.’ Obviously it would be foolhardy 


to attempt a fine resolution of detail in the presence of such considerable 
mixing and smearing of signals as occurs under orthodromic stimulation, 
However, in our work we discovered that it was possible to excite very 
locally the terminal fibers and record wath little decrement the antidronne 
mpulses as digital events in the parent axons. 

We deseribe here results obtamed by recording the antidromic volleys 
generated in terminal arborisations by microelectrode stimulation. By Jocat- 
ing each of the large number of stumulation pomts, we build up a map of 
the distribution of the endings. The resolution of the method stands between 
the best anatomical methods and the Marehi technique and is greatly 
superior to previous physiological methods. It has the advantage of speed 
and simplicity and can be apphed to finding the distribution of endings from 
a very small number of fibers. 


EXPERIMENTAL TECHNIQUE 


The microelectrodes used in these experiments were cylindrical and made ot plass- 
covered platinum wire. The length of the cylindrical thin part was about S mim. Pwo 
types were used monopolar electrodes, platinum wire with an 
over-all diameter of about 20 microns, ground to a point at their ends, and bipolar 
electrodes, contaimmg two separate TO-micron platinum wires, with an over-all 
diameter of S50 microns or less. In the latter type, the tip was ground so that one wire 
Was exactly at the tip and the other emerged on the bevel about 1O microns behind the 
leading wire. The method of manufacturing these types of electrodes is described else 
Where” as ais also the method of localizing the electrodes briefly, the electrodes are 
pushed into the nerve tissue under the control of a micrometer. The entry is observed 
under a microscope and the presumed depth of penetration is read off the micrometer 
\t the maximum depth attained by the electrode, itis cut across with fine scissors and 
left in place. The cutting as done under the microscope and produces little change in 
the position of the electrode. At the end of the experiment the tissue is fined mn yities a 
slab contaming the electrodes as cut out, dehydrated finally cleared in methy! 
saheylate. A photograph is then taken of the section and the position and depth ot 
penetration of the electrodes is determined Only those electrodes Whose actual depth 
mi section and presumed depth from the micrometer reading agree to within tive per 
cent are used tor plotting results. Phe electrodes used have a complex impedance in 
Which both the resistance and the reactanee vary as the minus 095 power of the 
frequency When the frequency is above 5 ke, the electrode resistance is lower than 
the tissue resistance. The stimulator used generated) constant-current pulses about 
O02 msec. long 


t 
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The current flowing from the tip of the electrode was adjustable from OL to 500 ya 
but was usually kept at about 0.5 to 5 va. Sinee even light barbituate anesthesia im 
creases the threshold of terminal atierent fibers, the experiments were carried out 
Wherever possible spinal or decerebrate cats. evoked motor movement was con 
trolled cither by curare of by ventral root section. Phe segments of the spinal cord to 
be examined were exposed by the usual laminectomy and covered with oil Phe tem 


perature of the animal and of the bathing oi was controlled throughout the experiment 


EXPERIMEN EAL RESUE ES 


1. Localisation of large, sensory nerve fiber endings and motor horn 
cells in the grey matter of the lumbar cord. In this set of experiments the 
accuracy of the localization of the stimulus was first tested by stimulating: 
motor horn cells. In the right-hand diagram of the results are 
shown. Recording electrodes were placed on the cut ventral root of the tirst 
sacral segment. Stimulating mucrocleetrodes were lowered inte the spinal 
cord. The black dots show the points from which direet responses on the 
ventral root were evoked by direct stimulation of the motor horn cells. The 
dotted line represents the extreme of penetration of the electrodes im this 
expermment, OF course, responses occurred in the ventral root when many 
other parts of the cord were stimulated but these were delaved by more than 


after the stimulus, sviaptically evoked activity of 


the motor horn cells. clear from the distribution of responsive ports, 


first, that the resolution is quite good since no responses were evoked by 
am the white matter miumediately adjacent to the ventral horn 
and, second, that dendrites were not bemg stimulated, The distribution 
shown ts, as histologists agree, that of the motor cell bodies and axons. We 
know from other experiments that the pomt of stimulation on these cells 
has a threshold whieh ws modified by the arrival of afferent nerve volleys, 
This modification of excitability differs af anodal, rather than cathodal, 
simulating pulses are sent through the monopolar type ot microcleetrode 
It seems hkely, therefore, that different parts of the cell are bemy stim 
lated, depending on the sign of the stumulating current. were 
generated in the terminals of afferent fibers, at the same time as im the 
motor horn cells, and passed antidromueally out the dorsal roots. Presently, 
a darge number of studies on the endings ot sensory fibers trom: various 
peripheral nerves im the Prey -MiAiter of the cord have been done Here, 
however, we wish to show only one example. 

In a number of cats the lumbar enlargement was exposed and all lumbar 
and sacral ventral roots on one side were cut. Next, the nerves to the 
yastrocnemius were dissected out, cut, and placed on recording electrodes. 


A series of microelectrodes were lowered into the cord and, at LOO nmueron 
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intervals during the descent of each one into the cord, a stimulus was given. 
Ifa response on the peripheral nerve of gastrocnemius occurred within 14 
nulliseconds, it was taken as an indication that intraspinal fibers belonging 


to the large (group 1) sensory fibers from the gastrocnemius nerve were 
present close to the tip of the stimulating microelectrode. Since all the 
motor roots had been cut, there was no chance of confusion between the 
motor and sensory components of the 
nerve. We see in the left-hand diagram 
of Figure the deep penetration of 
these fibers into the ventral horn. This 
distribution of  sensory-fiber endings 
contrasted markedly with the slower 
conducting sensory fibers which termi- 


nated ina band across the ventral part 
GASTHOC GROUP) AFFERENTS DIRECT VENTRAL ROOT of the dorsal column or the slowest 
RE SPONSE 
conducting fibers which terminated in 
hig. Lefts distribution of group | 
fibers from the nerve to pastrocnemius the substantia gelatenosa, Phe thres- 
in the grey matter of the first sacral hold of the endings of the group I 
segment of the cord; determined by 
multiple microelectrode placements for ; 
stimulation and recordings taken from ingly low, beg about the same as that 
the peripheral nerve after sectioning 
of motor roots. Might: distribution of 
points from which direct) stimulation 2. Localization of the endings of thi 
of motor horn cells was obtained ; 
dotted lines represent the deepest pyramidal tract in the spinal cord, Ke 
penetration limit of the microelectrodes 
so that no data were collected) from ) : 
the area ventral to this line, dal tract 2 mim. behind the pontomedul 


fibers in the ventral horn was surpris 


of the motor horn cells. 


cordings were taken from: the pyrani- 


lary junction, Phe most useful type of 
recording bipolar electrode was an insulated nichrome wire ma hypodernic 
needle tube (27 gauge). The end was shaped to a poimt by setting itm 
Stycast plastic resin and grinding it down to the required) shape atter 
polymerisation. The electrode was lowered into position either by Torsles 
Clarke coordinates or more simply by removing some of the posterior mid 
line cerebellum and inserting the electrode Timm, Jateral to the vistble mid 
line of the floor of the fourth ventricle. The position of the electrode was 
checked at the beginning of the experiment by stimulation of the motor 
cortex: before decerebration and at the end of the experiment by Instologieal 
examination, Next, the cervical enlargement: was exposed and anicroelee- 
trodes were lowered one after the other into the cord. A stimulus was de 
livered through the microelectrode at each stage of the penetration until the 
more ventral parts of the cord were reached, after which the electrode was 


cut off and lett im place for later localization. Figure 2 shows the distribu 
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tion of the electrode positions im the grey and white matter which produced 
a response in the pyranudal-tract recording electrode in the medulla. This 
Is one of seven experiments in cats, all-of which showed essentially similar 
results. In this experiment nine electrodes were used; the three most medial 
ones failed to evoke any antidromic volleys in the pyranudal tract, while the 
sis more lateral ones evoked responses in the area medicated in the figure. 
In this and in the other expert 
ments very minor responses 
were found from shghtly 
nore extensive area although 
never extending imto the ven 
tral horn. The responses re 
corded the marked area 
were definite even at the edges 
and imereased in size rapidly as 
the electrode was moved to 
ward the center of the marked 
area. The edge of the area was 
remarkably sharp, beth with 
bipolar electrodes and with 
monopolar electrodes, pre 
vided the current flow was 


controlled. The simplest was Pig. 2) Distribution of pomits moa lower 

cal segment of spmal cord trom which 
nicroelectrodes could  antidromucally 
rent spread Was to place the traveling impulses recorded in the medullary 
pyrannd. This shows the extremely linuted ex 
tent of the penetration of the termunal arborisa 
one side of the midline in the tion of the pyramidal tract into the spinal cord 
grey matter, Conduction speed of the antidronine 
impulses about 65 m/sec 


of checking the extent of cur 
stunulating electrode just to 


dorsal columns and cheek on 
relevant dorsal roots for 
spread of the stimulus across the midline to the contralateral dorsal column 
In this way, it was possible to maintain a small area of stimulus even wath 
electrodes. “The monopolar electrodes had two advantages, first, 


greater ease of manufacture than the bipolars and, second, the mteresting 


finding that they were far more efferent in stimulating white matter, pre 


sumably because the failed to stimulate many myelnated tibers 
because of the absence of nearby nodes 

Three facts should be noted. First, the area in which the pyramidal tract 
appears to end does not extend inte the ventral or extensively into the 


dorsal horns. Second, it was not possible to demonstrate the presence of a 
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direct: pyramidal tract in the lower end of the cervical region of the cat 
although this may have been caused by the localizing nature of the pick-up 


electrode in the medullary pyramids. Last, there were no clear signs of pro- 


jections into the pyramidal tract of ascending direct: sensory fibers. This 
does not mean that no other waves were recorded from the electrode in the 
pyramidal tract but it was clear from: their size, timing, and maximum, 
determined by moving the electrode, that these were impulses traveling in 
the adjacent medial lemmiseus and other white matter. No signs of pyra- 
nuidal projection ite the lumbar enlargement could be found in the eat. In 
one rhesus monkey the terminations of the pyramidal tract in the cervical 
enlargement were again found to be similar to that in the cat with no signs 
of projection onto the ventra) horn cells. The distribution of endings in the 
monkey extended slightly more ventrally and medially ite the mtermediate 
prey than the cat 


DISCUSSION 


Our techmigque mvolves the penetration of a senes of microclectrodes 
into the area to be searched. We have placed up to fifteen monopolar elec 
trodes ina hall cross-section of the spinal cord without bemy able to detect 


any change im the retles: pattern involving that segment of the spimal cord 


Itis evident, therefore, that the damage produced by the electrodes does not 
severely upset the mitraspmal organization. As a further cheek against dam 
age, we have frequently inserted the tinal electrode of an experiment mite 
the middle row inserted durmy the previous few hours. The results obtaimed 
from this interpolated electrode are consistent with the pattern established 
by its neyhbors so that there are no signs of progressive damage. Rarely. a 
change was seen during an experiment and on examining the cord later we 
have found a small petechial hemorrhage surrounding one of the electrodes 
However, this is so rare that itas clear that the collision of the electrodes 
with blood vessels does not usually result in bleeding. 

With monopolar electrodes, and toa lesser extent wath Inpolar electrodes, 
itis obvious that if the current strength is high enongh, distant parts of the 
Nervous system may be stimulated. As we mentioned above, the current 
strength was controlled to obtam the optimum: resolution. Ef there existed 
within the spinal cord gross inhomogeneities of electrical resistance, the use 
ofa fixed stimulating current might give spurious localization of respond- 
ing points. We have examined this by mapping the current: distribution 
within the cord froma single point source. While ait is true that there isa 


difference in resistance between the white and grey matter, this in 
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homogeneity does not significantly distort the localization of terminals 


which we deseribe in this paper, 

On looking at the very short distance of penetration of corticospinal 
fibers ito the dorsolateral grey the question may be asked: “How sure are 
weoot stimulating the collaterals all the way to their terminals 7 Not only 
have we the results of tracing the dorsal root afferents all the way to the 
ventral horn, but we have mapped part passe with the pyramidal tibers the 
distribution of the medial longitudinal fasereulus. The latter gives rise te 
very Jong collaterals ascending from: the ventral columns to the very edge ot 
the dorsal columns; the method of recoding im the bramstem was exactly 
the same as that used for the pyramids. 

Thus, for the cat, we have definitely confirmed the mapression of others 
that the intraspinal fibers of the pyramidal tract end in the deeper part of 
the dorsal horn and extend shyhthy inte the intermediate region. No signs 
of invasion of the ventral horn could be seen. This agrees with the anatonn 
cal findings of Rasdolskw? and the physiological findings of Tlovd We were 
unable te tind any signs of ascending sensory fibers within the py ranidal 
tract as reported by Brodal and Walberg. and by Brodal and Kaadal in 
all experiments signs of ascending sensory volleys were seen but on more 
careful localization they were found to be running am tracts dorsal te the 
medullary pyramids, 

Unfortunately, we cannot make as definite a statement on the endings in 
the rhesus monkey. Hott and Plott reported anatomical studies showing it 
few scattered endings of the tract the ventral orn. Bernhard, 
Bolin, and Petersen’ have recently reported or the 
metor neurons m the monkey. evident from: them writings that they 
had some ditheulty im evoking this monosvnaptic effeet and it seems usually 
to have been necessary te send long bursts of down the pyramidal 
tract from the cortex betore the effeet could be seen. Pn the one experiment 
we have been able to carry outaim the monkey. ats trae that the area con 
endings extended more ventrally and extensively inte the 
Jmediate region than im any of the cats examined. However, the area did 
net inelude the ventral horn segments im which Poth and show end 
Inge and contd at best have connected wath some long meandering dorsal 
dendrites of some motor horn cells. Thus, while ois clear that the pyr 
anedal tract in the monkey is tar more developed than im the cat, especially 
Mats amvaston of lumbar sevments, we have not been able to confirm that 
Ws organization as radically different: trom that of the eat 


although this pomt requires further mvestigation 
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SUMMARY 


1. A new techmque is deseribed which uses antidromic impulses gen 


erated in terminal arborisations by stimulating microelectrodes. The posi 


hon of the stimulating microelectrode is determined for those points of 
stimulus which evoked a response recorded ina tract projecting into the 
stimulated area, The resolution of the technique is shown to be greatly 
superior to previous physiological methods which attempted to localize the 
ending of projection fibers. 


2. The technique is used to show the endings of the group | afferent 


fibers from the gastrocnemius muscle in the grey matter of the cord. 


3. ‘The ending of the pyramidal tract in the cat is shown to be limited to 
asmall region in the ventral part of the dorsal horn. Preliminary results on 
the monkey are also discussed. 
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SYMBOLIC ASPECTS OF THALAMIC PAIN 


Pain associated with henuplegia has been considered mainly im the contest 


of the thalamie svndrome. Since the original observations by Deyerme | 


and 
Kottssy many cases have been reported and all textbooks of neurology 
carry a deseription of at. The cardinal points have been the presence, on 
the side opposite the lesion, of spontaneous pain and an over reaction. to 


sensory stimul Most oof the cases have imeluded a loss or reduction ot 


perception of touch, pin prick, thermal, and proprioceptive modalities, but 
Head’ pomted out that this) diminution may be extremely shyeht and 
discoverable only by tiner methods of examination 

Despite its establishment as a classical entity and the ease of diagnosis, a 
number of puzzling toatures remaim. First there is the paradox ot an over- 


reaction to stimuli in an area of diminished sensibilitw. Roussy localized the 


syndrome toa deston in the lateral thalanie on the basts of autopsy 


studies, and French neurologists, in general, have attributed the hyper 
reaction to arritation of the thalamne paths. Plead considered that) this 
feature was the result of the release of control of higher, ie. cortical, 
centers. The speeifiernty of the syndrome as “thalanne” has been questioned 
by the quoting of cases with central pam oom mere cephalad lestons 
Further, itis adaet that most patients with hemuplegia and lestons mivolving 
the thalamus or cortico thalamie pathway do not compliant of pam the 
affected extremities, 

Mthough a entity, the thalamie syndrome is of neurophy stolopieat 
miterest because until comparatively recently our knowledge of the thalaniurs 
and oats functions was based on such chimeal and studies. “Phe 
present paper is remterpretation on the basts of recent work on the 
organization of the thalamic nucler particularly reference to the 
-pecitie projection systems, and to the development of understanding ot 
such alterations symbole organization of perceptual as 
anosognosta, inattention, and pam asvinbolta 


\ssocrate Attending Neurologist 
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OBSERVATIONS 


hive patients with pam on the affected side of the body were encountered 
ina study of the behavioral changes of 1O8 patients with hemuplegia due to 
vaseilar and neoplastic disease. AIL had characteristics of the thalanune 
syndrome in some degree and wall be described from the standpoiits of the 
following : (1) character of the pain: (it) findings on sensory examination ; 
(in) other alterations am behavior; and (ivy relation to the premerbid 
personality, 

The pam involved maimly the extremities and to a lesser degree the face 
on the side of the painful, paretic limbs. Pt was deseribed as “terrible.” 
“awlal,” “something tearmgy me apart,” “as dats grabbing me im a vise,” 
and “one thousand needles pricking me.” In three of the patients sensations 
of “coldness,” “numbness,” and “deadness” were also deseribed. Mention of 
the pain was frequently accompanied by grimaces and groans. [nthe hos- 
pital the commplaimts of pam were more marked when the doctor approached 
the patient's bed. An exacerbation be produced by an examiner's 
touching, picking up, or even talking about the affected Yet on 
occasion the might be handled without causing pain. Some patients 
were turned and dressed by nurses without pam. One man would rab lis 
ley while talking about the pamoiat, a maneuver which if performed by 
the examiner usually produced pai. 

‘The sensory examination during the acute stage mall patients revealed a 
demarcation in which the perception of all modalities was lost or 
reduced on the affected side. This not only stereognosis, two pot 
discrimination, and the sense of passive motion im the hand, but touch, pin 
prick, temperature, and vibration, In two cases with vascular disease the 
sensory status unproved and comparatively litthe defiet was found by the 
ordinary method of examination. In these patients when stimuli were simul 
taneously apphed to homologous parts of the body, only the stumulus on 
the healthy side was perceived Cextinetion). In another patient per 
sisted even after sensation, when tested by double simultaneous stimulation, 
had returned to normal Tn three patients the complaimts of pain did net 
come on tor several weeks after the initial ietus, and in all it has persisted 


for the periods of observation (two months to three years ). 


The patients were usually depressed and talked about little except their 


pain. one man the depression was interspersed with short) spells of 
euphoria while paranoid attitudes were common. In the patients im whom 
pam came on tater im the iiness, there was an stage when they were 
disoriented, imeontinent, and expressed various delusions. There seemed to 


he ano inverse relationship between the existence of such phenomena and 
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pain. None of these patients showed such forms of symbole adaptation as 
anosognosia (demal of hemiplegiay or a wellbmarked ‘inattention to or 
“unawareness of the paralyzed side Cautotopagnosia 

An account of the premorbid personality. was obtamed four cases. 
These descriptions by relatives were colored by the informants’ own 
vations but they were significant im indicating the nature of the family 
relationships. All were considered to have been emotional, excitable, worry 
Ing people, quite dependent on the attitudes and actions of others. ‘Three 
were characterized as hypochondriacal, reacting to stress with physical 
Svinptomis and temper outbursts. The dependence was deseribed im ternis of 
wanting attention and pliysieal care, in the demanding of affection. im attr 
tudes about food. Phe members of them families seemed to relate to one 
another mm maternal ways, terms of plysteal atteetion and violence, im 
vocal rather than verbal expressions. The following case report of the 
patient whom pam seemed the most severe is illustrative ot the scerl 


background 


CASE REPORT 


\ 48-year-old factory: worker was admitted to The Mount Sina Hospital on 
December 2, 1952, two weeks after the sudden onset of alert 
previously he had been hospitalized tor coronary thrombosis boxamination showed a 
moderately severe lett hemiparesis. There was astereopnosis a the hand and loss 
of position sense an the lett tingers and toes. There was also a marked diminution im 
respotise to touch, pin prick, temperature, and vibratory over the entire lett 
sideot the body with a sharp mudline demarcation. Phe patient was able to distinguish 
the sharp pomt from the dull end of a pin but no pai even on vigorous applieation 
over the lett side. Visual thelds were intact when an object was presented singly on 
either side but when shown simultaneously he percemed only the one on the right. Pe 
was disonented for time of day, contusing morning and atternoon Lumbar puneture 
yielded a clear fluid under normal pressure with a total protem content of mp /100 
mi AG record showed one to three per second activity over the right-sided ele trodes 
and some dittuse bilateral tour to five per second activity 

Throughout bis hospital stay of two weeks the patient was depressed and delustonal 
He expressed awareness of his disability and became completely orented tor tune but 
tended to agnore his Jett and moved them very stated that the patient 
mothe next bed had been an experimenter ina Nazi concentration camp He frequently 
asked why God had purmshed tim. He wanted to be forgiven by a trend ot his son 
Whom he had scolded on the dav betore his stroke. He telt that the nurses were trying 


te harm and was delusional about eleetrae wares on dias head 


restless and complamed of nunmibness on left leg This wa 


\t dione thre delusions tor another wees \s cleared, the 
i 


seemed tense ane 


tollowed in two weeks by a complaint of pains and coldness over dis entire lett ste 


particularly dias ley Neurological examination om Mareh dst showed a livhit weak 


Hess ane clutm Wiles oy the le vith Vito deren trable SeTISOFY complained 
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Of pain when shyht pressure was applied and said that pin pricks had a disagreeable 
burning quality. He had an appearance ot suffering deseribed his pain as 
“prabbing” and “tearmip: sme apart 

Durine the subsequent TR months the patient obtamed no relet trom has pain de Spoite 
Various medications. In interviews he presented little eation apart trom the pai and 
conceived of his disability and personal problems entirely in terms of the pam. Pe alse 
Complaned of irritability, lethargy and insomnia. but telt that these were caused by his 
pain October, 19 wits readmitted to the hospital He was given a course ot 
during al period when became and sleepy ie complained 


less of pain Miter receiving an electroshock CONVULSION Tor treatment ot depression 


hie 


\n account of the family backpround was obtamed in a series of inter- 
Views with the patient's wife and two sons. wes desertbed as having 
been an excitable, Worrvings person, easily aggravated and possessing it 
Violent temper. He had been wihing for many vears prior te his heart attack. 
particularly wath complaints about his stomach. His dependence on his wate 
Wits shown by redusal te vo to bed without her, an insistence 
hake the appomtments and yo to doctors with him. and a dishhe ot all toned 
that she hadn't cooked. With the members of the Handy he was demanding 


and critical appeared with and afraid oft outsiders. 


talking of her liasband, the wate Interspersed many of her own complaints 


parteularly an “uleerated stomach’ which she stated had COME Worry 
Ing about the patient. Both attributed the patient's stroke to concern over 
the delinquencies of his vounger son. The parents and this son had com 
monly exchanged feelings by striking, cursing. and the use of 


its “drop dead. 


DISCUSSION 


The observations suggest that these patients both the pat the 
pattern of the more obyective sensory findings may be considered as svi 
hohe rather than as speethe perceptual or phy 
entities. that attempts to delmeate discrete, plivsiologieally 
measurable mechanisms these patients, such as pam thresholds and 
Vitsommotar responses, have not succeeded im demonstrating differences on 
the two sides of the body. The loss oi sensation and the lypersensitvity sare 
Hot opposite and contradictory phenomena in the sense that one is due toa 
detect and the other caused by “irritation on “release.” but both are forms 
of conceptiah zation or language. pain, the reported sensations ot cold 
Ness and deadness, and the apparent absence on sensory examination of 
lecliigs on the attected side are all the product of an integration, oma svn 


hohe devel, of much more unditterentiited perceptual elements. What the 
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patient experiences is the conceptualization of these am terms of lis 
interaction in the environment, particularly im relation to the stresstul situa 
tion brought about by ilness and disabihty. this light one can appreciate 
more fully not only the description of pam as a form of apphed torture, but 
such remarks as those of Head's patient whose right side “craved tor svi 
pathy” and whose hand “wanted to be placed cn the sott shin-ot a woman” 
Usually not only the atfeeted but the whole halt ot the body is so com 
ceptuahized another patient of Head's complamed that even her stomach 
worked paimtully on the affected: side. 

The necropsy reports in cases of thalanne syidrome midieate that) the 
pathology extends far bevond the limuts of the specific thalanne relay nucler 
all likelihood involves the diffuse projection systems bilaterally. Phas 
type of neural mvelvernment is also found with other symbole patterns such 
as anosognosia, inattention to the hemuparetie side ot the body. parm 
bola, and akinetic mutism, Pn patients i whom these phenomena are well 
developed, pain is En the case reported in detail the patient 
While he was delusional did not complam of pam, suggesting that: these 
forms of symbole interaction are to some extent reciprocal Previous 
studies have shown that none of these forms of interaction 
attributable to a specific defiert in any discrete motor, sensory. or minestie 
element?” Rather there ts an alteration an the mode ot miteractron the 
environment in which the patient to a far greater degree selectively ex 
presses tis motivations am terms of its spatial, temporal personal 
sommitic aspects. Whether this is expressed its a demal ot the paralysis. as 
Inattention to the affected side or ain terms of pam. seems to be closely 
related to the type ot premorbid: personality and the consequent nature of 


miterpersonal 


Phe importance of this pre disposition te the use of asia means of 


sinbolizing social relationships is lustrated by the tact that parm lesions 
af the nervous system) ts notoriously resistint to neurosurgical remedies. In 
this respeet henuplegia may be compared with the 
While phantoms following amputation are almost universal, the par 
til phantoms gs not. study of amputees trom the Norean war, Price 
found that even the nonpamtal phantomiers not felt as a normal bat that 
there is inevitably some type of paresthesia. Rather than considerimg the 


Honpainiul phantom: as normal and “phystologieal’ and the as 
“psychological” Price beleves that all the sensations reported were i some 
degree conceptualizations of social relationships One ot our patients wits a 
soldier who had had an amputation of the lett armeatter his axillary artery 
had been severed by a gun bullet. Atter the pamtul phantom: had 


net vielded to drugs and minor surgical procedures, a right mesencephale 
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tractotomy was performed, Following this operation he compaimed of pain 


over the entire left side and was hyperesthetic to stimult when examined 


and a subsequent lobotomy similarly tailed to relieve his pain. 


The paper has presented some clinical observations which sugyvest that the 
thalanne syndrome cannot be understood as the result of the interruption or 
the irritation of specific sensory pathways or as the manilestation of a con- 
ceptas “release” Nor should it be regarded as “psychological” in the sense 
that at appears apart from an altered muaheéu of bram funetion. [tis hoped 
that further knowledge of the relationships of difftise and discrete projec 
Hon systems and studies of the dynanues of interpersonal relationships wall 
give clues as to the manner in which perceptual and motor elements are 


integrated inte conceptual patterns. 


SUMMARY 


Observations of five patients with pam associated with henuplegia are 
presented with particular reference to thalanne syndrome. [tis suggested 
that the syndrome is not expheable on the basis of an interruption or irrita 
Hon ol a speemic sensory pathway or an terms of the concept of “release of 
but as a manitestation of an imteyration of neural funetion ata 


svinhbolic level. 
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OSCAR AL Jurtch, Switzerland 


SYNCHRONIZATION OF INSPIRATORY MOTOR ACTIVITY AS COMPARED 
BETWEEN PHRENIC AND VAGUS NERVE 


Motor svnehronization is known to occur im the phreme nerve of rabbit, eat, 


and dog?” Tt only develops wath remtoreed inspiratory activity, suchas 


dyspnoea, whereas with quiet, cupnoer breathing the mspiratery impulses 


remain asynchronous. does not appear even with strong 
est reflex tonus of inspiratory miuseles and therefore seems to depend on 
some kind of centrally induced, spontaneous aetivity Its central origin 
is also demonstrated by the dependence of the trequeney of the svichronized 
efferent volleys on central temperature and by direct recording ot a 
rhvthnne activity from the caudal part “ot nucleus ambiguus The latter 
findings, however, do not provide any further evidence concerning localiza 
Hon of the source of svnchronized activity, because they are merely con 
cerned with the outflow at the motoneurome devel of the vagus and 
particularly the miterior Jarvageal nerve 

Svichronmization of inispiratery neurons seems to oceur simultaneously 
In the various moter nucler of inspiratory miuseles. This was shown for one 
phreme nerve and the opposite side of the diaphragmr and may also be 
deduced trom comparison between one phreme nerve and the apsiateral or 
contralateral vagus or interior larvageal nerve’ data, how 
ever, were obtamed trom: records taken at a relatively low speed and wath 
asvinmetrical amplitiers, and may therefore not allow definite conclusions 
tobe drawn concerning identity of trequeney and phase relation prevailing 
between the synchronized activity of different and widely separate pools of 
Sinee the problent as of preat importance wath 
regard to further study of the spontaneous of disprratery centres, 
the present mvestigations were undertaken order to provide more reliable 
expertmental evidence as to the existence ob common pace making 
mnechamism responsible tor synchronized mspiratery innervation 


and vagal outtlow 


* Protessor of 


Recetwed for September 13. 79 


471 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol. 28, Dec-Feb. 1955/6 


40 


wy 


200 


8s 

+ 


‘ 


ve 


MA 


WY 


N 


A 


Vv A 


A 


Ve 


Ay 


Aa 


AAA 


See 


. 


RADAR 
wey v 


32 


« 
= 
2 
c « 
~ « 
2 
es = 2% < 
5 RA? 
4 > 
« 
« 
«< 
« 
© 
« ie 
« 
« 
c 
« 
: 
c 
« 
« 
« < 
« 
« rd 
c 
« 
« « 
« 


er 


29 


RAAAAARAAAA 


VA 


Fie.2 


hig. Comparison between the two phreme nerves by ot svichronized activity 
obtamed during early stage of severe dyspnoea Complete mispiration period trom: three 
different expermments, as numbered on the deft. particulars, see Vable Vine 
marker: 100 per second; to be read trom lett to right) Ordinate calibration im 
volts, arrows indicate negativity of proximal electrode 

2) Comparison of mspiratory activity between phrenic nerve Cabovey and vagus 
nerve Chelow) during early stage ot severe dyspnoea. Complete ispiration period 
trom three ditterent experiments, as numbered on the lett, Note phreme svichroniza 
tion agaist asynchronous activity the vagus bor particulars, see Vable 1. ‘Vim 
marker: LOO per second, from lett to mpht. Ordinate calbration a microvolts arrows 
iidicate negativity of proximal electrode 
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amplitude, and no phase shitt could be detected over the whole period at 
vichronized activity. 

In the 28 experiments Table 1). one Herve Wats compared 
with the ipsilateral (1& cases), with the contralateral (28 cases), or with 
both cases) vagus nerves, Only in TO out of 46 mistances, im 7 out 
of 28 experiments was aimore or less pronounced encoun 
tered in the efferent vagus nerve, whereas i the renmamimy 36 cases 
experiments) no apparent svuchronized activity could be detected an the 
vagis, although svachromization was very marked in the phreme Chig. 2) 
all experiments im which svnchronmized aispiratory activity was found 
to develop ain the efferent vagus nerve, the vagal response appeared to be 
as perfectly “in phase wath that of the phrente as svnehronization is “in 
between the two plremes. Three examples are represented im Figure 
$3. boven a few synchronized volleys. when appearmy within the vagal 
efferents, tally with corresponding volleys of the phreme Chaig. 3 M1). 
The rarer event (3 out of 46 dont of 28 experiments) of a marked 
svachromization of vagal inspiratory activity i shown im Figure 3 ¢ 
together with the corresponding svichromzation im the phrenie. 

Direct comparison of the svichromzed activity of the two efferent 
nerves Was only possible 3 out of cases (see Table 1). as ilustrated in 
higure Ns a rule, svnehronization was present or stronger in one 
vagus and absent. or much less consprenous, the other. But whenever 
svichromized volleys appeared on both sides, they corresponded wath 
regard to frequency and phase 

Inthe phreme as well as in the efferent vagus, svuchronization was found 
to develop most easily during the first half of the inspiration period. Tn 
mediate onset of dyspnoea appeared to be essential tor producmy high- 
grade synchronization. Et was obtamed best either by sudden collapse ot 
the lungs and stoppimg of artifical respiration on the amma! with the chest 
opened, or by admutting high (20 to 40%. ) concentration of carbon dioxide 
mooxvgen to the spontaneously breathing animal Svachromzation then 
attamed its highest degree during the first five to ten breaths but subsided 
slowly wath continuation of the dyspnoere state, without, however, dis 
appearing completely. svichronmization, therefore, could not be 


obtamed with slowly developing dyspnoea, ce. with rebreathing, or wath 


breathing low (4 te Gy per cent carbon dioxide. Rapid and) complete 


recovery from synchronization was achieved by hyperventilation, and this 
Wats always necessary as preliminary procedure in order to induce 
optim agam and agam, 

‘The frequeney values for inspiratory synchronization as observed in these 


experiments are represented im “Pable 1. The lower tgures mostly refer te 
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records taken towards the end of the experiment and were probably due to 


lowermny of body temperature during the later stages of anesthesia. 


COMMENT 


In the vagal mspiratory efferents, motor synchronization does not occur 
“frequently as was to be expected from earher investigations This 
becomes particularly evident when the results of the present mvestigation 
are compared with clectrical recordings of the inspiratory activity of nucleus 
ambipnus, where the percentage of synchromzed activity was found to be 
at least twice as digh. Since both groups of experiments were carried out 
onthe same anmnal species Crabbity and under same anesthesia Curethane ), 
the only plausible explanation for the mordimately high percentage of svi 
chromed activity found in the experiments with central recording as that 
with a central clectrode a respiratory rhythm is more easily detected when 
synchronization is present than when itis absent. In this respeet, the central 
recording experiments must be regarded as preselected, and therefore at 
may be concluded that the vagal inspiratory motoneurons of the rabbit de 
hot participate more frequently im motor synchronization than has been 
estimated in the present investigations (15 per cent). 

Because of the fact, firmly established by the results reported here, that 
whenever synehromzation takes place, the svuchromzed volleys appear 
sunultaneously from widely separate mspiratory motoneurons, a common 
pace making mechanisny must be admutted, A direct interaction between 
motoneurons of different nucler should not be taken inte account, neither 
for the phreme motoneurons of the two sides, nor for the phreme and vagal 
inspiratory, ambiguus motoneurons, nor for those of the ambiguus nucler of 
the two sides. The assumption of a common mterneurome centre, located at 
adagher, bulbar or suprabulbar level, would certainly provide a more ade 
quate working ivpothesis. Whether such a “synchronizing” centre const 
tutes an-essential part of the bulbo-pontine respiratory centre, or whether 
synchronization depends more directly on higher control, requires further 


SUM 


Rabbits anesthetized with urethane were subjected to sudden dyspnoea 
inorder to study svnehronization of mspiratory action currents phreni 
and efferent vagus nerves. 

In the phreme, svnchromzation was obtained mall but one of the 28 
experments, Whereas in the efferent: vagus it was more or less developed 
m7 out of the 28 experiments, 
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Whenever synchronization was observed it appeared to be pertecth 
phase,” ne. the synchronized volleys oceurred simultaneously, not only im 
the phrenics of the two sides, but also when synchronized activity was 
pared between one phreme and one efferent vagus nerve, as well as between 
the two 


The conchision is drawn that svichronization of inspiratory motoneurons 


must depend on a common central mechanism of bulbar or suprabulbar 


Conditions for obtamung optimum synchronization are brietly discussed 
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CHELATION IN CONTRAST By Robert Shapire 


The chemistry of chelation was briethy reviewed. The chemistry, pharnia 
cology, and toxterty ot lead disodium versenate various experimental 
were discussed) This maternal when myected mtravenously is pre 
dominantly excreted Dy the kidneys Thus. between 70-90) per cent of the 
chelate can be recovered in the urme during the first 24 hours following 
Intravenous As a result of this proceedure, an excellent nephire 
pvelogram) os frequently obtamed on the Tacminute film. The 
chelate also provides excellent contrast visualization of the cardiovaseuher 
system and: spleen. Oral administration of this material results im good 
visualization of the gastromtestinal tract 

Unfortunately, although little or no tree lead are demonstrable 
vitro, the matertal as Phe possible mechanisms behind this 
paradox were discussed, 


ROBERT 


NDE MIOLOGY OF EN Vairts By Joseph Melmek, 
edward Homig, and Peter Psacson 


An endennological study of entere viruses was conducted among 136 


normal children diving in households in two proups, over a 
Z0month perrod Charleston, West Virginia 


A repeatable seasonal meidence of enterie virus excretion was noted with 
over 906 of isolations occurring in the months of to October S02 
stools examined im Distriet lower soctoecononue proup, & vielded 
Virus as compared to 3.16) of 966 stools examined in Distriet am upper 
muddle class distnet wath good environmental sanitation Among the 77 
Virtises isolated in tissue cultures of monkey kidneys, were orphan 
viruses, 376 Coxsackie viruses, and 19) pohomyelitts viruses 

Among polo virus carriers and contacts, dad 
heteroty pre and type speeitic antibody responses. The hetere 
ones were ustially present at low Jevels and were transient in nature 


MELNICK. EF. Al 


Tae kare or 1s VAscunar AND AVASOULAR NEC 
Tissue, By Levin Waters 


It dias Tonge been suspected that the morphological sequences of 
arteriosclerosis follow the entrance ot blood plasma ante altered 
commectiyve “bo date. post mortem studies and animal experiments 
have not clarmtied the possible relationships of local pathopenetie factors and 
of pathogenetic factors im the ambient blood The present experiments deal 
with this subyeet 
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hollowing: selective myury of the coronary arteries of dogs by allylamine, 
Intravenous myection of lipid solutions of human plasma lipoprotems re 
sulted in the deposition of large quantities of sudanophihe material at the 
of arterial myury. The aitimal components of the lestons were trans 
formed into toamecellular granulomas within two weeks 

Alimentary hyperlipenna was produced in another series of dogs by meat 
and: feeding. While the blood of these anmnals was dactescent, their 
coronary arteries were acutely injured by short, maximal hypertensive epi- 
induced by intravenous epmephrine. Large quantines of sudanophily 
material were deposited promptly at the sites of arterial Phe hpord, 
derived was not phagoeytized and gradually disappeared 
from the lesions without foam eell accumulation, 


These observations prompted a broader mvestigation of the fate ot huni 
plasma dipoprotems and oof human and dog chylonmmerons connective 
Lapoprotems disappeared rapidly trom: the subcutaneous tissues of 
dogs or trom the media of dogs’ aortas. or dog chylonuerons placed 
In subcutaneous tissue disappeared more slowly, but did not result im the 
formation of granulomas. dog aorta chvlounerons ehemed a 
loam cellular response in some imstanees 


By placing lipoprotems, chylonncrons, and pertinent control materials am 
the corneas of anesthetized dogs, observations could be miade on the fate ot 
these substances ina collagen rich, avascular connective tissue, more nearly 
approsmuating the aortic \iosterol vegetable ol remaimed 
as oly droplets in the cornea and eheited no inflammatory reaction. Dog or 
Human chylonmerons gave rise to a dipord neh, cellular reaction wath 
htthe or no other response except collagen alteration. While 
Clear normal dog plasm or serum imyected inte the cornea gave rise to ne 
deposits, studied one to two weeks after the Injection of clear 
normal human plasma or serum revealed appreemable quantities of studane 
pluhe the stroma. Droplet formation or 
was Hot observed. Tlowever, af denatured) concentration of serum) 
human was mitroduced mito dogs’ corneas, a hpid rieh cell 
reaction Was promptly cheited 

In summary, these expertments meicate that poids derived plastaa 
hpoprotemms or chylommerons accumulate areas of acute arterial 
Both hpoprotems and chylonnerons, under certain conditions and certian 
sites, can give rise to morphologieal sequences that repre 


dice many of the liistolovical features af early arteriosclerosis 


WATERS 


or Fever. By Elisha Atkins 


Despite extensive work on the ot temperature regulation, the 
sequence of events leading to the elevation of body temperature a beth 
chineal and experimental tevers has remamed obsenre. dias long been 
thought some product of tissue injury, berated at sites ot 
Hom, act upon the thermoregulatory centers ot the toe cause fever, 
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The demonstration by Bennett and Beeson of a pyvrogeme substance extract 
able trom: leukoeytes has added support to this hypothesis. Plowever, ne 
endogenous pyrogen has hitherto been detected im the circulation. The 
demonstration of such a substance in the blood of rabbits made tebrile by 
the myection of typhord vaceme forms the basis of the present study 

By means of a method of passive transter, the serum of donors sensitized 
by one or two prior injections but non-tolerant to typhoid vaceme was 
found to contami a rapidly acting pyrogen sinular to that obtamed by other 
Investigators leukeevtes and them extracts. This substance appeared 
alter clearance of the originally myeeted vaceme, and its pyrogeme activity 
was unatfected by the fever depressing mechanisms mvelved in tolerance. 
contrast, the pyrogene effect of the uneleared vaceme present im serum 
obtaimed shortly atter miyjection was markedly mbibited 

These results andieate that ao second: pyrogen of endogenots ormin, 
apparently arising frome damage of host cells, eventually appears im the 
blood after moculation of exogenous bacterial pyrogen. The rapid onset ot 
fever following inyection of the endogenous factor suggests that at miay well 
be the essential factor which aets upon the ly pothalamns to catise tever 

Preliminary studies wath streptocecens and virus supyest that 
such a substance can also be obtained other forms of expernnental fevers 
In Which bactertal pyrogens do not play a part 
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AprRoAcH To Soctan Brmavior 
John Kang, Jackson Memorial Laboratory. Bar 


Gaenerally, laboratory ¢ \perinents mm ecology liave been ney lee ted “Phas 
proper, toa degree, such experiments midieate onky what ean happen, 
With confirmation of the realty ot the occurrence depending upon teldwork 
Yet this does not render laboratory expermentation valueless “Phe follow 
mg are examples of the hinds ot problems susceptible to laboratory analyss 
Which may be significant wild) populations 


l Inter- and intraespeerfie competition Ws problens coneenved ab as 
competition tor Pood, however, is net necessary the 
hactor direct APP role, ons ot the 
AYYTESSIVE ot tab populations and Meron mids 
cate that the former as tar stiggvested threat 
under natural conditions would be replaced Wars via 


defeat am outright combat 


elit 
Sex and aggqresston, The tact that subordinate while 
more avyressive males are envaved im combat has been neeested as 
an explanation tor th 
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elggression and development Young male house mice a 
generally do not tight until reaching 34 of age, while female- 
seldom fight. of testosterone, however. can induce fighting 
much earher omales, though equivalent amounts have no etfeet on 
the aggressive behavior of females. “The same results obtamm with 
yonadectonuzed mice. This would suggest the existence of a particular 
neural mechanism, present prior to ats activation by hormonal studs, 
and absent in females 


harly experience: Groups of mice which had been isolated for dit- 
ferent periods of time in therm showed marked differences in 
the degree of apyression manifested later in them lives, mdieating the 
of early experience on social behavior and organization 


Social factors im viability: can be shown that mdividual growth 
rates of mice reared in groups of different age composition and size 
show significant differences, With viability occurring among 
the isolates. A number of factors can be as the proximate 
mnortality factor, though the social factor an ultimate 


Society and environment: “Lerritoriality involves the maimtenance ot 
group mitegrity as well as a distribution im space. boxperiments with 
breeds of dogs suggest that group territoriality tolerance ot 
strangers is related to the rigidity of the social organization. 

are keenly aware of them social environment and ther bast 
activities (ey., food-seeking ) are closely related to their social activities 
Thus, there as a baste legitimacy in the ecological approach to soctal 
behavior, 


PETER OM, KOOPPER 


MICROBIOLOGY SEMINAR 
Novetnber 1955 


COMPARATIVE OF Dy 
Ko Clinton Fuller, Brookhaven National Laboratory, Upton, New York, 


In photosynthesis, exposure to CO. mitiates the formation of phosphe 
acid as product. has been postulated that the mechanism 
concerns two and three carbon mtermediates. the substrate may 
be a five-carbon compound such as ribulose-diphosphate wath a evelie sys 
tem regenerating the substrate. For example, ribulose diphosphate im the 
presence of COs vields phosphoglyeerte acid which eventually breaks down 
to triose phosphate. By rearrangement the sugar can reconstitute the 
ribulose diphosphate. In fact. at was shown that in the presence of light and 
water with the proper enzymes ribulose diphosphate i iereased with the 
commensurate diminution of CO. and phosphoglyeerte acid, 


Phe question of whether or no such enzyme systems were more widely 
present mitiated studies using cell-free extracts of Chlorella which were 
meubated with labeled and nbulose-diphosphate. Large amounts of 
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phosphoglveerie acid were formed. This was not the case when certam: sub 
strate substitutions were tested which meluded trials with ribulose 3 phos- 
phate, ribulose 3 phosphate, and tructose diphosphate. The actual mechan 
unknown, but the enzvines are not timated to the photosviathetie 
organisms bemg present the naturally occurrimy, non 
counterpart of euglena as well as an the green and blue-green algae and the 
photosynthetic bacterta. Nevertheless, the enzymes concerned can be shown 
to be located im the chloroplasts as demonstrated in cliloroplasts separated 
according to special techniques. The reaction is considered sigmitteant tor 
the elaboration of mechanisms mvelved pentose metabolism 


ANATOMY SEMINAR 


November 22, 1955 
Tub Mouse. By Dro John Puller, Roscoe Bo pack 
son Memorial laboratory, Bar Harbor, Miaane 


The preliminary study dealt with the calorie intake responses of the 
genetically obese mouse and siblings when maintamed on three variations of 
the usual laboratory diet. The variations used were: Calorie dilution 
pellets with cellulose: (2) decreased palatability wath no calone change 
pellets with quinine: (3) amereased palatability and mereased calorie values 

pellets soaked in fat. On the first day tollowing diet alteration the nora 
mouse allows its imitake to be governed by the supertientl charactertsties ot 
the chet, eg. palatabihty, bulk, wath a resultant merease or decrease of 
calories ingested. Miter three days ats intake stabilizes at that pomt which 
equals the pretest calorie intake. Phe genetically obese mouse wall respond 
to these diet characteristics in the same manner, direction, and to about the 
same extent as das nonobese sibling. But. while making some correction 
tor the diet change, its unable to adygust the food intake to pre- 
test calorie Jevels. vet unknown mechanism is suggested which con 
trols intake according to calorie need This as presumably present i the 
obese mouse but sluggish in action. 


PSYCHIATRY RESEARCH SEMINAR 
December &, JOSS 


A STrupy oF THE PRELIMINARY STAGES OF THE CONSTRUCTION O18 
Dkr AMS AND By Charles bisher, Department of Psyehiatry, Mr 
Sinat Hospital, New York 


dantern shde as projected onte a screen for a small fraction of a 
second (COOL), a subject observing the sereen wall see a flash of light and 
nothing more. [the perrod of exposure is short enough (0.002), not even 
the Hash ot light will be percened. AX few words. a number, or sunple 
pattern, such as a star, projected in this manner will appear im the subject's 
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subsequent images and dreams am fragmented, distorted, disguised 
fashion. “These projections which are not pereerved by the subject, neverthe- 
Jess are registered preconscmous levels and then worked into material 
emotionally significant for the subject and thus appear im the manitest con 
tent of dreams and images. [tas postulated that such peripheral perception 
isnot actually pereenved and then repressed to preconserous and subeon- 
scious devels, but rather that registered in preconscrous levels and never 
reaches conscious perception, because the stimulus is not of sufficient mag - 
nitude to bring it te consciousness. Phe object thus registered is never 
reproduced in toto by the subject; only portions are distorted, disguised, 
and woven into his images and dreams. further postulated that dream 
work actually begins when emotionally charged material ws combining wath 
preconscrously registered forms at the time of dreamimy, and that) these 
forms are reworked into the material at different tunes as the dreams or 
are constructed 


BIOVHIYSICS SEMINAR 
December 9, 1955 


oF Sy By A. Pollster, 
Columbia University, New York. 


The “new evtology of the twenty vears or so has used many modern 
techniques Ceg. electron microscopy, differential contrituga 
cell dispersions) to advanee greatly our understanding of the tun 
Hons of cellular constituents. The following as a bret review of present 
knowledge of protem svathests as developed by these methods when appled 
to such active protem svuthesizing tissues as the liver and panereas of the 
rat 

The zymogen granules produced by the acmar cells of the panereas 
appear to be composites of all the panereatie imitation at the 
Iatses of these cells, enlargement as they proceed distally, and final release 
through very temporary breaks me the cell membrane have been observed ii 
microscope studies of the area of maitiation Cand other por 
Hons of the cellular “hyaloplasme show at-to be very structured, 
contiming, among other melustons, a complex of 40-70 thick membranes 
bearmny onone surface series of granules averaging P4O diameter, Such 
strnctures have been found all protem: syvathesizing cells studied tar 

The evtochenneally defined distribution of ribose nuclere acid im cells alse 
parallels protem svathesis very closely. Differential centrifugation studies 
have shown virtually allot this kN a te be in the granules iolatable trom 
the mucrosome fraction (fragments of the membranes mentioned above 
Piochenneal studies have shown these granules to be the cellular traction 
carrying out the greatest amount of protem synthesis when supplied wath 
appropriate amine acid substrates and an energy source Gate). Phe role ot 


the RNA in this ds stil uneertamn, The evtochenneal distribution ot pliospho- 


Ty! 
= 
q a 
te 
ase 
i 
+ 
~ 


EVENTS 


yds im protem svathesizing cells parallels that of RNA whether or not 
this true in the granule traction of centriftugates is unknown, Pust which 
compounds are important im protem svathests as still very much of an open 
question 

Rough calculations of rates of protem svuthests by liver cell granule trae 


tions, using © labelled amine acids, this traction alone is capable 


of accounting for previeusly measured rates of svuthesis for the entire 
organ (to 9) of dry weight of organ per day as plasma proterms ) 

The role of the nucleus in these processes i very poorly detined. “The 
“pores” an the nuclear membrane demonstrated by electron microscopy, 
transters of substances frome nucleus to evtoplasm demonstrated by radia 
autography Gin expermments wath enucleation, and much other 
evidence indicate the nucleus net without funetion im these processes 
Perhaps some sortoat m|direet control “The tunetion of the nucle 
olus as also unknown 


MALCOLM S. GORDON 
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PRESENT-DAY Roback, with the collaboration 


of forty experts in the various fields. New York. Philosophieal Library, 
1955. xiv, 995 pp. $12.00 


Ino this volume an attempt is made to survey the entire field of con 
temporary psychology, including not ouly the traditional topies of acadenie 
povehological miterest, such as perception, cognition, attention, emotion, ete 
butalso ranging as far afield as general neurology, psychodrama, speech, 
hypnotherapy, psvehoanalysis, parapsvchology, mulitary psvehology, and the 
psychology of literature, art, and reliyion. forty different subjects are 
covered, and the book succeeds in pomting out the mitensity and diversity of 
psychological investigation. Some of the topies have rarely been covered in 
such survey. and there is at least one on “Contemporary Histories of 
Psychology” which has not appeared im any other collection 

This reviewer was very much taken with Dr. Roback’s brief preface and 
mtroduction im which he alludes to the difficuluies of an editor and touches on 
his disappomtinents with unusual honesty. He mentions that “an mteresting 
hooklet could be written on the mdividual differences of contributors” Tt 
probably should be written, siee in this age of anthologies, surveys, and 
symposia it would open for debate not only the relative merit of such pub 
heations, but would also bring ante focus such problems as the selection ot 
contributors, the range of mdividual articles, and the role of the editor 

There as little tumiformity this volume. Some oof the collaborators 
attempt to cover the entire field an an historical fashion, others emphasize 
primarily recent contributions, Some of the papers are reviews, 
while others Iighhght the personal orientation of the writer. Personal lias 
is ditheult to control and itmight have been more profitable for the reader at 
the most controversial topies had been discussed by representatives of dit 
ferent schools of thought. This, of course, would have meant more articles 
and probably a second’ volume. And it does seem: almost inposstble to de 
Justice to the scope of Dr. Roback’s approach one volume. might per 
haps have succeeded af tis “ideal” emphasis on the more recent 
research had been heeded by collaborators, 

With a few exceptions, the chapters are much too brief: however, thes 
have good Iibhographies. Toone sees this book as an aerial survey of the 
field, at tunes distorted by a differing foree of individual surveyors, cloud 
formation above the subject covered, and angle of approach toward the 
lopie, one can profitably explore where one wants to go for further and 
more detained study. This book pomts up the faet that the pedestrian ne 
longer has a chance to explore the ever-growing world of psychology un- 
aided. Te now needs lodestars to various points of interest from: which he 
can correlate old and new know ledge, 


JAY KATZ 
Premature INFANTS. A ror Pirysicrans. 2d. ed. By Ethel © 
Dunham. New York, Paul Bo Ploeber, Ine. 459 pp. S800 


Prematurity represents the major cause of neonatal death, the death rate 
for premature infants bemg 22 times that for full-term: infants. \While in 
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vestigation continties mite the causes and prevention of prematurity, the 
care ot prematures requires constant reappraisal The second edition of 
Dunhanys manual on premature mitants both an excellent reference 
source and guide tor the care of these patients 

The tirst section ot the book is concerned with such general considera 
Hons as the merdence, catses, and prevention of prematurity and wath the 
prognosis and developmental progress of mitants whe are prematurely born; 
the second section deals with climeal problems such as the care and feeding 
at prematures and the disease states to whieh they may be subyeet: the 
conclnding partoot the manual deals adequately wath the important 
health aspects of prematurity. ancidlary data have been im 
the appends 

This monographois a preee ot werk and may be lighly recommended 
Rather than having the supertical, sketchy, and dogmatic character of many 
handbooks, the material presented here 1 conere, well chosen, and caretully 
documented. “The ieluston of extensive and pertinent: Inbhographiy wall 
lacthtate further reading 


MORRIS GREEN 


OCAN TITATIVE NSARVSIS OF Dreas. By Garrett. New 


Philosophical Labrary. Ine. G70 pp 

‘This is the second edition ot a hook published hbetore the Jast war ander 
the tithe, Driggs and Galenteals, Vhe of the author to heep pace 
with the considerable CN ol the field of medienial has been 
wellinet. indeed a comprehensive survey of drugs melding galemests 


svithetie drugs, metalhe clements, and essential oils, as well as comples 


of drugs substances are listed converrenthy alphabetieat! 
order, wath separate: categordes essential oils and tor ols. fats, ane 
Wastes Ihe COMVERICHCE this sV breaks down, when one 
finds chy and tisted under pen 
rather than all heme hh tinder the general headime ol 
antibroties 


Two factors seem te have entered inte the selection of the textual rasate 
rial Phe author adits to leaning lresavaly thie accepted methodatoyy of 
the and British althoueh makes clear that the bach 

te stpplement the other! compendia Dy quantita 
aspects of amthvers. Certamly the authors own analy treal a 
ANmalvst of the Boots Pure Drug Company of Great Pritam tra 
plaved no small role the sele band organization of materiel snd ade 
to the value of the book 


Phe tormat, which meludes the mdentation ot all methods expert 


mental details, taciditates raped consultation and) should be appre rated 

\obook of this hind of necessity be iitensely practical, vet ata 
unfortunate when this carried to the extreme ot esplaminy 
that the “phenol reagent’ an the analysis of epmephrine is ‘a eom 
pleated reagent reads prepared "Not only as the 
valine of the book reduced in this was, but even its practical nature suffers 
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when one searches in vain for the place where one can buy the reagent. In 
certain sections, such an approach the book's usefulness to the tech 
mician’s level. 

Perhaps the most unfortunate decision the author has made has been to 
limit the methods deseribed to purely chemneal ones. [no many instance. 
(ey, epinephrine), where physical methods (such as spectrophotometry 
have been apphed wath notable success, the fact is not mentioned. This 
deficiency is weakly compensated for by the melusion of a bref chapter on 
general physical methods with few references 

Itmust be borne inimind, however, that probably not possible for a 
single individual to do complete justice to a review of the book im its en 
uirety. Tn the general analysis there is no question that this will be a useful 
handbook for the pharmacologist, tosicologist, pharmacist, and those en 
payed in allied sciences. 


NICHOLAS J. GIARMAN 


Tih oF PULMONARY By Edgar 
Medlar. New York, Medlar Monograph, 1955. 244 pp. 


This monograph presents a summation of Dro Medlar’s studies spanning 
a quarter of a century. As the author states in dis introduction, at 
presents the observations and the iterpretations of observations of a 
pathologist who has sought to understand the dyvnamues of tuberculous 
disease.” “The conclusions of a lifetime of research io understanding the 
time sequence relationships of * this mucroscopie, parasitic, vegetable 
cell. 0 and the human dung are presented for the first time im one beaut 
fully dlustrated volume. 

The initial chapter ineludes an excellent: suminary of the historical land 
marks man’s efforts to eradicate the tubercle From such a survey 
Medlar concluded that a true understanding of the dynamics of the disease 
could not be obtamed at the autopsy table. therefore turned the 
laboratory fora study of tuberculosis in lower animals. By employ- 
mg rabbits and the bovine tubercle bacdlus, he was able to reproduce at wall 
an infection closely akin to that From histological sections the 
reader may follow the pathological morphology from: the earliest focal areas 
of lobular pneumonia tots ultimate and fatal stages of necrosis and cavita 
Hon. The response to varied dosage and the problem of reantection: disease 
are presented in similar fashion. One wishes that space permitted the author 
to enlarge on his work dealing with effects of posture. By forcing rabbits to 
assume an oupright position, he was consistently able to produce apical 
tuberculosis anual whieh ordinarily exhibits only basular lesions. 
Medlar confesses that an explanation for this phenomenon i the rabbit. as 
With man, remams a riddle 


Having established the time-sequence relationship lower animal, the 
author then apphed this knowledge to a similar study im mian. One thousand 
medical examiner cases with microscopic evidence of tuberculosis and 100 
fatal cases of proven tuberculosis were examined with meticulous detail \ 
nussing link was supphed wath the advent of resectional therapy, and the 
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surgeon's blade provided an additional 313 specimens. From this vast quan 
tity of maternal the author has reconstructed the chronology of the patho- 
genic process ina dynanmie manner. The behavior of the parenchymal lesion, 
of the bronchial lesion, and of tuberculous bronchiectasis are each discussed 
separately. The chapter on bactertologieal observations should prove valu 
able to anvone who has searched a slide tor the tubercle bacillus. 

Although the chien may be irked by the minutia of pathologieal detail, 
it should be noted that succmet case histories accompany each of the spect 
mens. Unfortunately, the corresponding Norays are at a minimum 

The printing is excellent and the color photonuerographs are superb, 


JOUEN 


on 2d. ed. By Paul V. Lemkau, 
New York, McGraw-Fhill Book Co. Inc.. F955. xi, 485 pp. S800, 


This second edition of a book which received high praise six vears age, 
when first published. miaantams a dagh standard presenting elements of 
progress and developments im “mental hygiene fields” Tn order te enable 
different professionally tramed persons im pubhe health and im mental health 
to work more closely together, new material is brought together on the 
theoretical basis of mental hygiene work related closely to field problems ; 
and the admumistration and service responsibilities of povernment Cespe 
cially North Amenea) are onthned, along with newly evolved general 
principles of programmung and extended case illustrations 

“Fortunately.” as Dr. Hugh Ro Leavell states in the Foreword, the 
author points out that ‘there are things to doo an the mental hygiene tield 
and tools with which to do them.” The author states a baste problem when 
he observes that “mental hygiene depends primary on the atutude chang 
Ing possibilities of between personnel of various degrees at 
trang and the population, the needs of which are to be met’ 

A dilemma of the mental hygienist is related to two divergent trends im 
science, Wath a tendency toward highly speerie techniques 
are used inan-effort to solve highly selected problenis. The author cautions 
that a screntist traveling this road must bhnders” so that he wall 
not be distracted by miteresting side events and paths that divert hin 
from) his central effort. The second trend involves recognition of the com 
ples problems of the world ot reality that must be attacked by all available 
investigative methods Related to this trend is the development of astra 
physics, physical chemistry, socal anthropology. and social psvehology tor 
example, including the professional fields dealing: wath the health the 
Winess of men. There are practical issues. with controversies and rivalry 
between disciplines endeavormy to attack the same problem i ats different 
aspects, though with a similiar ultimate objective. boxamples piven are that 
of defining the role of the nurse in relation to that of the socal worker, and 
the contamination of the concept “pubhe health’ by the concept “socialized 


a contusion that prves rise to serious problems tor both 


the health administrator and the practismy ply sien, not to mention the 
medical student 
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The volume is divided into two parts: ¢1) the place of mental hygiene im 
public health, meluding factors of responsibility, leadership, methods, organ 
vation, and services; and (2) the development of the mdividual, meluding 
factors of personality development, cugenies, and prenatal to so-called old 
aye periods. There is a usetul review of psychopathological states and ot 
visual aids, with both an author and a subject index. There are revealed 
praiseworthy characteristics of common sense, judgment, patience, and 
thoroughness, along wath the author's breadth of experrence and know ledge 
is a usetul test tor medical, dental, nursing, pubhie health, Taw 
students, as well as those i other phases of social screnee and im education, 
meluding the workers on the “firmg line” of organized community effort 


IRA V. Hiscock 


‘Tite Vol 3. Gregory Pineus and Kenneth Thimann, beds. 
new York, Acadentie Press: tne 1955. TOU pp. $22.00 


volume contams chapters on such divergent subjeets as pliant 
hormones, (2) hormones mvertebrates, (3) neurohormones, (4) para 


thy ron physiology, the panereas, (6) anterior pituitary hormones, 


(7) growth hormone and scorteotropm, gonadotropims and lactogen, 
(9) posterior pittutary, (10) thyroid phystology, the chemustry, (12) 
metabolism and physiology of the steroid hormones, (14) the adrenal 
cortes, and (15) clineal endocrinology. Seven ot the chapters are by con 
tributors to the two carher volumes of this senes and eight are by new con 
tributors. ot the subyeets have been covered in the earher volumes toa 
major extent. bor the greater part, material published since or 
has been reviewed in volume that as durmy the five or seven years since 
the earher volumes were published. The volume contams about 720 pages ot 
exposition, tables, and alustrations, pages of reference citations without 
tithes, and P35 pages of author and subyeet mdes 

Some oot the chapters are almost annotated Iibhographies ; one has 13 
pages ob exposition or tables and seven pages of reterences, papers 
are referred to without comment other than that a study was undertaken, 
\ontmber of chapters, however, are very well done and the authors have 
carefully selected and evaluated the papers contributing to the subject ane 
thereby svathesized a and more valuable review. The chapters on 
the parathyroid, neurohormones, gonadotropimis and lectogen, the metabe 
lism ot sterards, the panereas and growth hormone, and corticotropin are 
rally youd in thas respect 

Vhe longest chapter on the pliysiology of the adrenal cortex C134 pages 
cites 1263 references, The author of this seetion states that “perhaps three 
Jpapers| every day” have appeared on this subjeet during the past 3 years 
\ period up to fanuary 1954 1s covered in this wellouthned and extensive 
review. The work ufidertaken on thyroid plystology since is reviewed 
in another long chapter (87 pages, SOS references cited). This chapter also 
comtams several iformative tables 

The reviewer has not read every page in the book; some chapters 
heen read carefully and completely and others only sampled by subtopies 
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Wunber of errors have been round. Ceervieal tor Cpage LOD) 

“Spleme tor “splanchme™ ¢page as well as a few differences 1 
Interpretation ot what was stated about some ot the papers to whieh reter 
ence Was made. The major eriticnsmi is that this book is largely an annotated 
Inbhography. Mia reviews of this type are bemg published journals and 
looks. volte ds nota texthook or really reterenee book on the sub 
lect ot hormones. The coverage is great all chapters, although the ap 
parent Gbyeetive Sool the ditterent attthors seem divergent, Con 
tributing essentially a others a and more mterpretative 
TEVIEW Wath sueh dressed COVETRES the wall 


probably be ot vreatest value bbraries 


Lat rENTIAN Horwont Volo NE Gregory Pineus, bed. 
New York, Neaderme Press, 1955. pp Wath numerous tables and 


Vhis is the latest volume to endoermelogists and te 
workers a related thelds. The papers presented at the conferences 
were grouped under the headings “Pituitary 
istry and and Abnernial Growth 
and Aging am Mechanism of and 
Cardiovascular Pnterrelations Nuthors and editer are te be commended 
for the meluston of a generous number ot tables. charts. and photographs, 
\nbhographiy and the discussion are appended te each paper. The bool 
ends with an author and a short subject mdex tor this volume OND) 
cumulative subject tor volumes 

paper undertaking to the status ot an area ot mivestigation 
particularly anew one. is almost always helptal te the specabist within the 
general field. Whether the same paper of value to a reader outside the 
field depends, miter alia, on whether he can understand what as written. [tas 
here that an authors shillin exposition as put te the test. Phere as litle 
doubt that some ot these papers wall and excite non endoerinole 
eists: Rawson and Ralls “The ot Neoplis tic Disease’ 4 
this reviewer feels, outstanding for ats stunulus and tor organization, 
and The essavs generally are useful summaries of recent 


| 


developments im research When the essayist meludes a measure of inter 


pretation and hypothesis, his paper is even more valuable 


FORKS 


Proc Mie at PREPARALIO \ Nesterteld, 
Chiet, New York, Jolin and Sons TOR pp S375 
This volume, the fourth the series, deserve eiven 


three predecessors. Tas written clearly and conesely and contaims, an addy 


Hon te the below disted compounds, a group ot compounds of brochenueal 


Whose svithests has been described in through 
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volume 34. Another feature which had been extended to this volume as: 
cumulative indes for all four volumes of the series 


The preparations of compounds deseribed in the present volume melide 
galactose Tphosphate, homogentisie acid, lactalbumin, 
lactoglobulin, carnosme, histidinol dihydrochloride, urocante acid, oN 
acetylmudazole, glycolaldehyde, sodium glyoxylate, glucose L-phosphate 


tetraacety] mbofuranose, arginime acid, methionine sulfoxide and sultone 
cthionme sulfone, linoleme acid and ats methyl ester, and D glutamine acid 
Vithough all these preparations have been previously described im the litera 
ture, they are presented here ina sometimes modified form and benefit trom 
the advantage of having been checked im another laboratory 

The two enzyme preparations which have been imeluded are aleohel 
dehydrogenase and imorganie pyrophosphatase. the of this re 
viewer the enzyme preparations, whieh oi general are clearly described, 
should give information about activators, substrate speertients 
and Won values: there should be more than a mere reterence to them 
these preparations are to be ot the same valine as the others 

The volume certamly should be of mterest to students as an illustration of 
chenneas techmiques its applied to dnochemustry and to researchers as an 
addition toa yrowing compilation of brochenneal preparations 


EVENTS ON DIFFERENTIATION RELATED TO 
Cron Roy Waldo Miner, led. Annals of the New York Neadeniy ot 
Sciences, Vol. 60, Art. 7, pp 965-1160, New York, 1955 


pubheation comprises papers presented at a conterence held 
New York in OQetober D954, together with a reeord ot discussion by parties 
pants. Attention as focused on factors on the subnueroscopie level related to 
the baste problem of the appearance ot different cell types during develop 
ment. The fact that only animal studies are reported should be noted Inu 
this has little bearmy on the true scope of the conterenee, While the report 
of only American work this area, iat nevertheless succeeds 
Moduphhyphtiy the present status of the feld, 

Recent techmeal trends are by the emphasis on 
methodology, the use of substrates, analogues, and ibibiters and the ex- 
permental combination of various cell types vitro. The reports deal with 
the appheation of these and other techniques to an elucidation of 
patterns, events, and the molecular bast stractural 
organization me cells and tissues. Wile some ot the work reported does net 
vo bevond spatial and temporal correlation of the data, many of the report. 
deal with controfled manipulations of events an differentiation. Phe latter 
type otanvestivation holds great promise tor this level of mvestigation 

While the papers are exciting in ther svathesis of present: knowledge, 
the printed discusstons following some ot them are all too briet and Tack the 
vigor and stimulation that one expect trom an active exchange at 
ideas by such a group. 
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all those interested the genesis of specific cell types this publication 
wal provide an excellent: preture of present trends in the study of the 
molecular basis of 


COULOMBRE 


AND THEE CAPIFEARY, By Gustav Martin and Albert 
ef al Annals of the New York Neademy of Sciences, Vol 


61, \rt pp 637-735. New York, [9S5 


This a collection of papers by authors, resulting trom a eon 
rerence held by the Section , New York Veademiy ot Serenees 
February fh, 


Part 1 Laboratory Studies) recounts the biochemistry and some ot the 
activities of the These compounds appear to 
mvelved an the mereased venular fragility of and vit ce 
horeneres and in such diverse processes as. the re productive evele of certain 
aleae: the brochenueal activities of ascorbre werd, 
and epmephrime the breeding ditheulties ot sheep grazed on isethivene 
contaming feeds) and the hemorrhagie compleations of therapy 
general section on the structure ot the capillary wall by Zwertaeh 
particular miterest 


Part ll (Clinteal Studies outhnes evidence for the use ot vitamin cane 


hesperidin tn rheumatie fever, decrdual bleeding during pregnanes, habitual 
abortion, and acute polomivelitts As andieated by Yours das 
manizing paragraphs, the chieal data are not entirely convinemp except an 
stations Where ascorbre aerd detareney is clearent. espeerally miterest 
Ing’ Case Ys presented tor the ot dehereney the 
development of rheumatic lever following mitection. 
the hvaluromedase Tike activity ot and vitamin € to the 
early swelling of ground substance Crineopoly saccharide and the \schotf 
nodule of rheumatie fever, and te the lesions of DOO salt 


Phe diversity and of these collected papers should pre 


Mle stumubition tor al 


those qiterested am or 
capillary funetions 


y ER 


Veadenay OF Vol 03. \rt | | 144 


wilt at a comterence held in New York 

November wath Plolkinder as conmberence 
and-editor Phe published report on the Innes papers: by 
Stunkard Yorks) Ouigley ¢ Maver (Bostony Brobeel 
(Philadelphiay: Janowitz and Hollander York): Grossman (Den 
very Snapper GNew York); Hollander, Sober, and Bandes (New York); 
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Harris Lepkovsky (Berkeley): (Puekahoe) Maller 
(New Haven) covermy physiologieal, psychokogical, and climeal aspects ot 
the subject. imipossible ina review to do justice to all ot these papers 
paper is written by a specialist in his field 

As would be anticipated, the papers cover a wide range of miterests. .\ 
paper on Preferences Mai CSnappery touches on the weird and 
fantastic and includes fascmatiny lore on eravings and aversions gathered 
by the author the Par feast. Phe contribution by Maver 
Intake and Body Weight consists of a rather detailed 28 page discussion ot 
the Glucostatie Theory and Lapostatie with imteresting dia 
grams. Phe use of amphetamine ts discussed ina paper by Harris on Appe 
tite Depressants. Brobeck’s discussion of Neural Regulation of Food Tntake 
Is a thorough one and reviews what as known about the ifthuence ot 
hiv on food imtake 

One of the most readable and intriguing papers me the series 1s the 
account by and dias collaborators of observations on them Ts 
vear old patient with esophageal obstruction and jequnostomy. Phe psvehe 
logical aspects of this case make reading, but they were only 
noted as an omedental part of the study. fn the accompanying discussion a 
scheme is presented for a psveho physiological expernnent this field, 

Interestan this is related, of course, to concern over America’s 
popular malady overnutrition, and wath the query as to why some people 
add weight while others do not. The svinpostum does not produce a tinal 
answer to this question. Those who planned the as well as 


thease who took part were aware that the tle “Hunger and Appetite” 1s a 
rather defined phrase and many ways madequate. was apparently 
hoped that these two words could be redefined or new terms found to re 
place them. Phe syimpostam does not succeed domg this. has 
usually been measured i terms of the amount of food eaten. Phis may be 
quite satistactory a the primary interest is one of weight control Maller’. 
paper suggests that there are other aspects of hunger to be considered 


Hunger and appetite are commonly regarded as psvelue correlatives of 
the actual mechammims which control nutrient balanee. Grossman's paper on 
Integration of Current: Views summarizes present knowledge ot these 
mechanisms and notes that certam hypothalamue centers are definitely am 
volved, but that among the factors which may have a part in regulatiay this 
activity are oropharyngeal stimulation, gastromtestimal distention, 
levels of nutrients Cog. glucose), and tissue stores of nutrients 

The papers, wath two oor three exceptions, do not present new expert 
mental results, but they do attempt to summirize the knowledge to date and 
to set forth the newer conceptions developed in this field. most or the 
papers are written trom: the pliystologieal angle, almost every author calls 
attention to the importance of emotional control Phe paper on 
mo Tanger and Appetite CBruchy presents examples to illustrate the 
ol this factor 


This symposium, while presenting rather scattered data trom a large and 
difficult: to-detine area of knowledge, is suecesstul one an that makes a 
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strenuous attempt to determine the factors mvelved and prepares the way 
for amore mtensive assault m the future, 


WM. HH. 


(GREAT PERIMENTS IN) Mordecar Gabnel and Seymour 
Fogel, feds. Clitfs, Prentice Hall, 1953. xin, 317 pp 
$3.95, 

Crassics oF By August ProSuner. Translated by Charles M 
Stern, New York, Philosophical Library, 1955. 337 pp. $7.50. 


While both these source books are more than adequate, Great lovpert 
ments in Brology is. by and darge, the better of the two. Great 
contains 63 excerpts or complete papers and Classics of Biology, 75, Gabriel 
and Fogel have made the better selection and have organized their work 
better than PreSuner, but the datter has written more adequate imtroduc 
tions to various sections. Both books concentrate on nineteenth and 
twentieth century biology, having about 85 percent of ther items from: this 
period, Galen, one otf the greatest expermental biologists, is not repre 
sented ineither and, more surprisingly perhaps, neither is Harvey. Several 
of the works excerpted in PresSuner s books are certamly not “elassies” a 
criticism which cannot be leveled at Gabriel and Fogel Any biologist who 
has more than a techmicin’s mterest in biology wall tind either book enjoy 
able and useful, but for students, Great) Biology 1s 
undoubted] y superior, 


FREDERICK G. KILGOUR 


NEURO or Line Mesenes. By James Couper Brash 
Baltimore, The Walhams & Watkins xvi. 100 pp. 87.00 


Since P8335 a number of studies have been made concermmg the pomts ot 
entry of nerves ito muscles as a practiea! utility of knowledge ot the 
Inetor pomts of mitseles. These studies omitted any reference to the pots 
ofentry ot the blood vessels. the object of the well qualitied 
author of this small atlas to study the entrance of the pronary blood supply 
to museles in order to provide accurate data for the diagnosis and 
treatment of the results of myuries atfecting This necessary meluded 
the cheehing and extending of the observations already recorded on the 
ports and mode of entry of the nerves, tor the prin arteries are olten 
closely assocrited with the pomt of nerve entry to constitute definite 
“neuro vascular hilum” 


The data were compiled trom: dissections of about 70 upper and 70 lowes 
limbs. teach mitsele as treated imdividually, and the Irequencies pet 
cent of the various positions of entry of the nerves and arteries are listed 


The results of a number of previous observations on nerve entry by other 
Investigators are also listed) The atlas contains unlabeled line 
drawings ot each mittsele and assocmted bones whieh are quite clear ane 
accurate, Phe nerves and arteries are color. The paper, print, and binding 
are ol yood quality 


__§ 


YALE JOURNAL OF BIOLOGY AND MEDICINE Vol, 28, Dec.-Feb. 1955/6 


The title states exactly what the atlas contains. No mention is made ot 
the origin, insertion, or function of the muscles discussed. This greatly 
limits the number of persons who would tind this atlas of any great value 
Those who have need of the mformation it ineludes should find ata valuable 
addition to their libraries. 


CRELIN 


Proctotogie ANAtoMY. By R. Gorsch. Baltimore, Waltham 


and 
Wilkins, 1955. xv, 310 pp. $8.00, 


This ts an excellent anatomie discussion, The photographs of dissection 
are somewhat difficult to follow, but the excellence of the diagramis in mans 
areas Makes up tor this. The book is lughly recommended tor all specialists 
the field. 


HOWARD M. SPIRG 


A Metriiop oF BALANCED ANESTHESIA IN GENERAL SURGERY, OB 
STETRICS, AND Dentistry. Py Sylvan Shane and Harry Ashman. 
more, Lowry and Volz, 1955. 53 ppp. $2.25. 


This monograph discusses a method of producing surgical anesthesia to 
Which the “Shane Ashman” or, more briefly, has been ap 
phed by the authors. Plus technique is unequivocally recommended by the 
authors for all patients, there bemp no contraindications either of aye ot 


concurrent disease. Since no statistical mformation regarding clinteal results 
is presented, chineal mapression must form the basis tor the statement that 
no difficulty has been encountered in over 20,000 cases. No phystologies! 
studies are mentioned which have been performed either experimentally or 
on patients which would tend to support, or perhaps abnegate, certain un 
usual claims made for the technique. Polypharmacy plays a large role in this 
type of anesthesia, on the theory that by multiple admiumistrations of small 
amounts of many drugs only the salutary effects of cach drug are obtamed, 
thereby chiminating all adverse effects. The discussion of the pharmacology 
of anesthetic agents as characterized by categorical statements, often mits 
leading, that are at variance with established fact. The bibhography 
scanty and weighted with “personal communmieations.” There is no ides 
The book as well printed and carefully edited, but at is recommended to few 


N. M. GREEN 


UNbERSTANDING SurGeRY. Robert Rothenberg, Ed. New York, 
Pocket Books, Ine. 620 pp. 8.30. 


large part the fear wath which many patients regard 
surgery “stems froma lack of knowledge concernmy their lness and the 
operative procedure which is to be performed on them,” this httle volume 
attempts logically to dispel that fear. The entire gamut of surgical condi 
tions is briefly covered: general, orthopedic, yvnecological, eve, nose, and 
throat, gemto-urmary, and plastic surgery are discussed. leach chapter im 
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clades an elucidation of the common surgical conditions im that area, mdica 
Hons for operation, discussion of prognosis, and an excellent section answer 
ing: those questions most frequently asked by patients, 

While intended primarily tor the lay pubhe. this book obviously is. of 
value to anyone dealing with patients. also. moa general way and 
by bringing together loose ends, be of value to the student who has failed 
to see the forest for the trees. 

By utihzing the popular pocket edition medinm this book made avail 
able at the price ot fifty cents. 


By George Po Thomson. Cambridge, (im 
versity, Press, 1955. 166 pp. $12.50. 


As Sir George Thonison puts itm his preface, this little hook “deals 
clnefly with the future of technology.” and “technology is governed by 
screntific principles, some of which are understood, and there ts accordingly 
a basis for prediction.” Tn addition to chapters on “Energy and Power,” 
“Pransport and Communmeations,” and “Pood.” Sir George 
has written on“ Meterology” “Some Appheations of Biology” “Some 
Socal Consequences.” and “Phought, Artifical and Natural.’ The book ts 
net scence fietion bat is an optimistie, sober, and conmvinemy estimate of 
many of the developments that may be expected to occur im the next 
hundred years or so, 

Sir George. a Nobel Laureate and son of another Nobel laureate, Sir 
J. Thomson, the discoverer of the electron, is an atone physicist who 


has worked on problems in aviation and atone energy during the two preat 
wars. This practical experiences plus his obviously wide ranging serentitic 
miterest quality hime adnurably for predicting the foreseeable future 


Most will agree with the majority of Sir George's predictions, although at 
would probably be impossible to obtam unanimity as to which majority, 
The book as thought provoking, interesting, and well written. A\nvone who 
cares to know something about where we are gomy should read at. Tt should 
reduce the element of surprise at some future developments when they 
actually oceur 
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IN EXCRETORY UROGRAPHY 


RADIOPACITY. High 
© EXCRETION. .Rapid 
© TOXICITY. . Low 

«VEIN CRAMP. . Rane 


(in approximately 1%, of cases) 


Write for 
detailed 
literature. 
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SODIUM 
e 


SUPPLIED: 50% sterile aqueous solution, “In addition to the excellent quality 
of 1, 10. and 25 of excretory urograms obtained with 
Hypaque the virtual absence of major 


*Moore, T. D.; and Mayer, R. F.: Hypaque: . 

An Improved Medium for Excretory Urography. side effects and the small percentage 
A Preliminary Report of 210 Cases. Paper read at . . Wk 
48th Annual Meeting of Southern Medical Assn., of minor side effects were notable. 


St. Louis, Mo., Nov. 10, 1954. 


Hypaque, trademark reg. U.S. Pat. Off., y 2 


brand of diatrizoate Inc. 


New Yoru 18, N.Y.  Winosoe, Ont. 
We have changed our name to WINTHROP LABORATORIES INC. 
Only the name is changed—nothing else 
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Shorter 

to recovery 
with fastest 
tastiest 
broad-spectrum 


therapy 


NEW NEW convenience, NEW veroatility the same unexeelled efficacy and toleration 


Brand of tetracgeline 
Supplied in 2 ounce bottles, containing: 125 my 


tetracyeline per 5 ce, teaspoonful, 


TETRABON SF" 


Brand of tetra yeline hydrochloride with vitamins (fruit mint favored) 


free. Supplied in 2 ounce bottles, contamunge 


P25 mip. tetracyeline per 5 ce. teaspoonful. 


These new, remarkably plea ing non- 
aleoholie homoyenized mixture of Pfizer discovered 
fetracyeline are now and ready 


Pfizer Laboratories for uniformaty ane 


SE supphes with eneh average daily 
dose of tetracveline the pecual 
recommended for the treatment of 
tions, thus pivinge antibrotie the and metabelie 


Upport with a single preseriptien 


NEW STANDARDS FOR TETRACYCLINE THERAPY IN NEW READY-MIXED LIQUID FORAS 


(Pfizer) Prizek Division, Chas, Pheer & €o.. tie. Bros 
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We are proud of our association with 


“Dr. Fohn G. Gulton 


and our participation in publishing 
the distinguished and outstanding work 


rulton’s “Gexthook of “Physiology 


now in its 7th edition and celebrating 
50 years of popularity since its inception 


by “Dr. Wiliam SIC. Sowell. 


“Decompression Sickness, one of 15 maniucls 
published by us under the auspices of the 
National “Research Council is another of 
“Dr. SJulton’s contributions to medicine. 


We are additionally pleased to mark this 
occasion by announcing that we will publish 
in the future, “Dr. Gulton’s revision of 
Garrison’s of Medicine: 


W. °B. Saunders Company 
‘Philadelphia 5 


